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Summary 
In everyday life, we are constantly confronted with changing demands in our 
environment and constantly happen to perform a multitude of tasks. Current 
theories describe cognitive control (Logan, 1985; Wood & Grafman, 2003) as 
the functional underlying mechanism which enables flexible adaptations of 
behavior. The task-switching paradigm allows to study cognitive control 
processes when switching between two different tasks with unpredictable order. 
The basic idea assumes that contrary to well practiced tasks, switching between 
unpracticed, poorly structured, or unpredictable tasks is linked to mental effort, 
called “switch costs” (higher reaction times and error rates) (Monsell, 2003).  
 
The critical manipulation of the present work concerned the interval between a 
response and the subsequent cue (i.e., the response-cue interval, RCI). 
Previous studies have shown that performance in a task repetition is worse after 
a long RCI compared to a short RCI. This result is traditionally interpreted as 
follows. Benefits of repeating a task (compared to switching tasks) depend on 
the activation of task representations (task set) in short-term memory, since this 
activation passively decays with time unless the task set is maintained (Meiran, 
Chorev, & Sapir, 2000). Against the background of rather mixed empirical 
results for theories on performance in task switching (e.g., Altmann, 2005), the 
work at hand presents the following result. Effects of timing manipulations in 
 
 
X  SUMMARY 
task switching, especially in repeating a task, cannot be explained by assuming 
automatic and passive decay of task sets. The theoretical contribution of the 
work at hand lies in offering an alternative account for RCI effects on the task-
repetition benefit. It is assumed that performance when switching between 
tasks, among other factors, is influenced by the temporal distinctiveness of 
episodes (tasks). More specific, the present work proposes that RCI effects in 
task switching depend on the process of episodic retrieval. This episodic 
retrieval is modulated by the temporal distinctiveness of episodes, which is 
defined as the ratio between the current RCI and the preceding RCI. Further, 
the data imply that episodic retrieval during the RCI is linked to stimulus-related 
components of the task set.  
 
In seven experiments subjects switched between a color- and shape task. The 
RCI was manipulated in different ways. In Experiments 1 und 2 different ranges 
of RCIs were used. Increasing RCI decreased the task-repetition benefit, but 
the slope of the RCI function depended on the range of RCIs rather than on the 
absolute duration of the RCI. In Experiment 3, the RCIs were blocked or 
random, and in Experiment 4, trial-wise predictability of RCIs was manipulated. 
RCI influenced the task-repetition benefit only when RCI changed from the 
previous to the current trial. Experiment 5 used two cues for each task and 
dissociated cue-repetition priming from task-repetition priming, suggesting that 
perceptual cue repetition priming appears to decay, whereas episodic task-set 
retrieval is influenced by temporal distinctiveness. Experiments 6 und 7 
examined which part of the task set (Meiran, 2000) plays a role in episodic 
SUMMARY XI 
 
 
retrieval during the RCI. In Experiment 6, response valence (bivalent vs. 
univalent) was manipulated. The results showed that lengthening the RCI leads 
to a loss of repetition benefit, mainly when the RCI changed from the previous 
trial to the current trial, but this was comparable for bivalent (response keys 
relevant for both tasks) and univalent responses (each response assigned to a 
separate key). In Experiment 7, stimulus valence was manipulated. The results 
revealed stronger RCI effects with bivalent stimuli compared to univalent stimuli. 
Taken together, the data suggest that the influence of RCI in task switching is 
linked to retrieval of stimulus-related task components (Stimulus-Set) rather 
than to response-related components (Response-Set). The data of the present 
work can best be explained by the account of temporal distinctiveness in 
episodic task retrieval. 
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Zusammenfassung 
Im täglichen Leben sind wir ständig mit wechselnden Anforderungen unser 
Umgebung konfrontiert und müssen häufig zwischen mehreren Aufgaben 
wechseln. Aktuelle Theorien beschreiben kognitive Kontrolle (Logan, 1985; 
Wood & Grafman, 2003) als die funktionale Grundlage, welche uns flexibles 
Handeln ermöglicht. Das Aufgabenwechselparadigma erlaubt die Untersuchung 
kognitiver Kontrollprozesse beim Wechsel zwischen zwei Aufgaben in 
unvorhersehbarer Abfolge. Die grundlegende Idee dahinter besagt, dass im 
Vergleich zu geübten, routinierten Aufgaben, das Wechseln zwischen 
ungeübten, schlecht strukturierten oder wenig vorhersagbaren Aufgabenfolgen 
mit mentalem Aufwand, sog. Wechselkosten (höhere Reaktionszeiten und 
höhere Fehlerraten), verbunden ist (Monsell, 2003). 
  
Die kritische Manipulation der vorliegenden Experimente betraf die Dauer 
zwischen der Reaktion im aktuellen Durchgang und dem nächsten Hinweisreiz 
(d.h., das Reaktions-Cue-Intervall, RCI). In früheren Studien konnte gezeigt 
werden, dass die Leistung bei der Wiederholung einer Aufgabe nach einem 
langen RCI deutlich schlechter als nach einem kurzen RCI ist. Diese 
Ergebnisse wurden traditionell folgendermaßen interpretiert: Vorteile bei der 
Aufgabenwiederholung (relativ zum Aufgabenwechsel) hängen von der 
kurzlebigen Aktivierung von Aufgabenrepräsentationen im Kurzzeitgedächtnis 
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ab, da diese Aktivierung nach der Aufgabenausführung schnell zerfällt, wenn 
sie nicht aktiv aufrechterhalten wird (Meiran, Chorev, & Sapir, 2000). Vor dem 
Hintergrund aktuell eher uneinheitlicher empirischer Ergebnisse zu Theorien 
über die Leistung im Aufgabenwechsel (z.B. Altmann, 2005), zeigt die 
vorliegende Studie folgendes Ergebnis: Effekte zeitlicher Manipulationen im 
Aufgabenwechsel, besonders beim Wiederholen einer Aufgabe, können nicht 
mit dem automatischen und passiven Zerfall von Kurzzeiterinnerungen für 
Aufgaben (Aufgabenrepräsentation oder Aufgaben-Set) erklärt werden. Der 
theoretische Beitrag der vorliegenden Studie liegt in der Präsentation eines 
alternativen Ansatzes für den Aufgaben-Wiederholungsvorteil im 
Aufgabenwechsel. Es wird angenommen, dass die Leistung beim Wechsel 
zwischen Aufgaben, neben anderen Faktoren, durch zeitliche Distinktheit 
einzelner Episoden (d.h., einer Aufgabe) beeinflusst wird. Konkret wird 
vermutet, dass für RCI-Effekte im Aufgabenwechsel der Prozess des 
episodischen Aufgabenabrufs eine Rolle spielt. Dieser episodische Abruf wird 
durch zeitliche Distinktheit von Episoden moduliert, welche wiederum definiert 
wird als das Verhältnis zwischen aktuellem RCI und vorangegangenem RCI. 
Zudem legen die Ergebnisse nahe, dass der episodische Abruf während des 
RCI sich auf Stimulus-bezogene Komponenten des Aufgaben-Sets bezieht. 
 
In sieben Experimenten wechselten die Probanden zwischen einer Farb- und 
Formaufgabe. Das RCI wurde dabei auf verschiedene Weisen manipuliert. In 
den Experimenten 1 und 2 wurden verschiedene RCI-Dauern verwendet. Die 
Ergebnisse zeigten, dass ein langes RCI zu einer Abnahme des Vorteils der 
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Aufgaben-Wiederholungsbahnung (priming) führte. Die Steigung der RCI-
Funktion jedoch hing vom Bereich der RCIs und nicht von der absoluten Dauer 
der RCIs ab. In Experiment 3 wurden geblockte vs. randomisierte RCIs 
verwendet. Das RCI beeinflusste die Aufgaben-Wiederholungsbahnung nur, 
wenn das RCI vom vorherigen zum aktuellen Durchgang wechselte, bei 
geblockten (konstanten) RCIs zeigte sich kein Einfluss auf die Wechselkosten. 
In Experiment 4 wurde die Vorhersehbarkeit des RCI in den einzelnen 
Durchgängen manipuliert und zeigte ebenfalls den Einfluss wechselnder RCIs. 
Experiment 5 setzte zwei Cues für jede Aufgabe ein und dissoziierte damit 
Effekte der Wiederholungsbahnung des Cues von Effekten der 
Wiederholungsbahnung der Aufgabe. Die Daten legten nahe, dass perzeptuelle 
Wiederholungsbahnung zerfällt, wohingegen episodischer Aufgaben-Abruf 
durch zeitliche Distinktheit beeinflusst wird. Die Experimente 6 und 7 
untersuchten, welcher Teil des Aufgabensets (siehe Meiran, 2000) im 
episodischen Abruf während des RCI eine Rolle spielt. Experiment 6 
manipulierte die Reaktions-bezogene Aufgabenset-Komponente (Reaktion-Set) 
und zeigte vergleichbare Effekte des RCI mit bivalenten Reaktionen (relevant 
für beide Aufgaben) und univalenten Reaktionen (nur relevant für eine der 
beiden Aufgaben). Experiment 7 elaborierte die Stimulus-bezogene 
Komponente des Aufgaben-Sets (Stimulus-Set) und zeigte, dass das Stimulus-
Set durch RCI-Manipulationen beeinflusst wird, da Effekte des RCI sich nur mit 
bivalenten Stimuli ergaben. Die Ergebnisse der vorliegenden Arbeit lassen sich 
am besten mit dem Ansatz zeitlicher Distinktheit in episodischem Aufgaben-
Abruf erklären.  
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1 Mechanisms of action control in changing 
task contexts 
In everyday life, we are constantly confronted with different demands in our 
environment and constantly happen to perform a multitude of tasks. Especially 
in today’s society, it is very common to be exposed to different media between 
which we have to multitask. In the office, for example, when sitting at the desk 
and with the intention to work on a paper, we might alternate between making 
phone calls, reading e-mails, and writing down a note. Alternating between 
different tasks also holds for our daily lives at home. For example, while 
preparing breakfast we might shift between boiling water for tea, toasting bread, 
and making scrambled eggs. Actions, or ongoing tasks are broken down into 
sub-tasks, which are linked to one another (Meiran, in press). Further, these 
examples clearly show that human behavior is highly adaptive to environmental 
changes by enabling us to process and coordinate a large number of stimuli in 
our environment (Botvinick & Plaut, 2004; Cooper & Shallice, 2006). 
 
Current theories describe cognitive control (also termed “executive functioning”, 
see Logan, 1985; Wood & Grafman, 2003) as the underlying cognitive 
mechanism that makes behavioral flexibility possible. Cognitive control refers to 
processes including enabling performance, monitoring the course of 
performance and its outcome (Botvinick, Braver, Carter, Barch, & Cohen, 2001), 
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as well as amending performance strategies (e.g., Logan, 1985; Logan, 2003). 
Some authors also include emotion regulation as a further domain of cognitive 
control (Ochsner & Gross, 2005). 
 
There are different approaches to study cognitive control. Research of 
neuropsychology, for example, focuses on patients showing impairments in 
demonstrating goal-directed behavior including the processes mentioned 
above. Neuronal correlates of many cognitive processes have been discovered, 
so that damage to specific brain areas like the frontal lobes is linked to failures 
in cognitive control. One example of maladaptive behavior due to brain damage 
is “utilization behavior”, which was initially described by Lhermitte (1983). 
Patients with this disorder use objects in the environment in an automatic and 
disinhibited manner (e.g., when being exposed to a toothbrush or scissors), 
even if this behavior is inappropriate for the particular context (Archibald, 
Mateer, & Kerns, 2001). Cognitive control can, for example, also be impaired 
due to underdeveloped cognition (e.g., Bunge, Dudukovic, Thomason, Vaidya, 
& Gabrieli, 2002) or psychopathological issues (e.g., Meiran, Levine, Meiran, & 
Henik, 2000).  
 
A different approach to study cognitive control refers to research on functions 
and mechanisms in healthy subjects. In cognitive- and experimental 
psychology, different procedures can be used to study different aspects of 
cognitive control (Logan, 2003). For example, monitoring can be explored by 
tasks on error detection and error correction (e.g., Carter et al., 1998), whereas 
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coordination is typically studied with dual-task paradigms (e.g., Lien & Ruthruff, 
2004).  
 
The study at hand used the task-switching paradigm to examine cognitive 
control (e.g., Allport, Styles, & Hsieh, 1994; Jersild, 1927; Meiran, 1996; Rogers 
& Monsell, 1995). The paradigm involves two or more tasks and requires 
subjects to switch between the different tasks at hand. Performance in trials in 
which the task switched from the preceding to the current trial is compared to 
performance in trials in which the task repeated. The comparison between the 
performance in switch and repetition trials is called “switch costs” (e.g., Monsell, 
2003). Typically, the measure of switch costs is attributed to processes of 
cognitive control. The basic idea behind this method is as follows. In many 
cases (e.g., the well practiced routine of making breakfast) alternating between 
tasks is easy and fast. In other situations however, as for example, with 
unpracticed, poorly structured or poorly predictable tasks, or under conditions 
such as time pressure, extensive task switching can result in impaired 
performance (i.e., switch costs). For example, one might happen to forget to 
write an important e-mail because of an interfering phone call.  
 
One common assumption in models of task switching is that the activation of a 
previously established cognitive task representation (task set) passively decays 
over time. This decay of task-set activation has been thought to be indexed by 
the interval between a response and the subsequent cue, called the response-
cue interval (RCI), in a task-cuing paradigm. 
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Empirical evidence for current theories on performance in task switching is 
rather mixed. Against this background, the present study demonstrates the 
conclusive finding that effects of timing manipulations in task switching, 
especially effects in repeating a task, cannot be explained by assuming that 
activation passively dissipates. In particular, the theoretical contribution of the 
present study lies in the presentation of an alternative account for the beneficial 
influence of repeating a task (compared to switching a task) in task switching. 
Based on manipulations of the RCI, the present work suggests that episodic 
task retrieval is modulated by temporal distinctiveness, defined as the ratio 
between current RCI and preceding RCI. 
 
An overview on the contents of the work at hand is given in the following. Before 
describing the empirical findings of the present study, a thorough theoretical 
overview is given. The theoretical section starts with a definition of the cognitive 
requirements of a task. Next, basic paradigms and their corresponding 
phenomena in task switching are described, followed by current theoretical 
accounts on switch costs. Then, an empirical review follows on current evidence 
for the idea of task-set decay in task switching. In a further step, an introduction 
on memory is given, setting the basis for the final theoretical section which 
presents the alternative account of temporal distinctiveness in episodic task 
retrieval.  
 
The empirical section includes seven experiments using the task-cuing 
paradigm to examine RCI effects. The first two experiments focused on the time 
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course of RCI effects. Experiment 3 explored the role of temporal uncertainty, 
while Experiment 4 examined temporal predictability. Experiment 5 was run to 
examine the influence of cue repetitions vs. task repetitions. The last two 
experiments focused on disentangling different task-set components in episodic 
task retrieval.  
 
In the final section, theoretical implications for persisting task-set activation 
theories are discussed, while open issues for future research conclude the 
present work. 
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2 Studying cognitive control  
2.1 Task sets 
In the recent years, the study of cognitive control, in particular the study of the 
mechanisms underlying flexible task performance has been in the focus of 
research in cognitive- and experimental psychology (Kiesel et al., 2009). In the 
laboratory, switching between tasks has proved as a common experimental 
method to address the mechanisms of cognitive control (e.g., Allport et al., 
1994; Jersild, 1927; Rogers & Monsell, 1995). Basically, in task-switching 
experiments, subjects are instructed to switch between different tasks. Current 
cognitive theories of human information processing assume that task 
performance is governed by mental representations of the cognitive and 
behavioral requirements of a given task (Rogers & Monsell, 1995). These 
complex representations are termed “task sets” and mainly comprise the 
intended task goal, the task-relevant set of stimuli, the task-relevant set of 
responses, and the mapping of the stimuli to the responses (e.g., Allport et al., 
1994; Monsell, 2003). In tasks involving multiple actions the order of actions 
would also be included in the task set (e.g., Luria & Meiran, 2003). To establish 
a task set in working memory one needs to form the intention to perform a 
particular task, which is described as adopting a task set (Rogers & Monsell, 
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1995). The task-switching paradigm allows to explore the dynamics of changing 
or maintaining task sets and will be described in the next paragraphs. 
 
2.2 Task switching paradigms and phenomena 
In current research there is not the one task-switching paradigm, rather different 
experimental methods have been developed and applied in task-switching 
studies. In the following, four main paradigms and their corresponding 
phenomena will be described. 
 
2.2.1 Alternating tasks paradigm 
The first task-switching paradigm was developed by Jersild (1927; revived by 
Spector & Biedermann, 1976; adopted by Allport et al., 1994). In this 
alternating-task procedure the performance duration of single-task blocks (or 
pure blocks, including only one task type, AAA-sequence) is compared to 
performance in mixed-task blocks (including two types of tasks, ABAB-
sequence). In Jersild’s original method (1927) subjects either had to repeat one 
arithmetic task in a block (adding 6 or subtracting 3 from each number) or 
switch tasks as fast as possible within a block (a switch of adding 6 and 
subtracting 3 from each resulting number). The comparison between single-task 
blocks and mixed-task blocks revealed longer reaction times (RT) for the mixed-
task blocks. The fundamental finding in task-switching experiments, that 
performance (RT and error rates) in task switches is worse than in repetitions, is 
often referred to as “switch costs” (e.g., Monsell, 2003).  
STUDYING COGNITIVE CONTROL 11 
2.2.2 Alternating runs paradigm 
Rogers and Monsell (1995) argued that two problematic aspects of the 
alternating-tasks procedure needed to be considered. First, subjects are 
imposed to different demands on working memory between single-task blocks 
and mixed-task blocks in terms of maintaining only one vs. two task sets. 
Second, switching tasks within a block additionally affords monitoring processes 
in terms of greater arousal, effort, etc. Thus, the result of a performance 
decrement observed in the alternating-tasks procedure might not reflect the 
pure or “local” cost of switching tasks, but rather indicates “mixing costs” or 
“global costs” (e.g., Hübner, Futterer, & Steinhauser, 2001; Kiesel et al., 2009; 
Los, 1996; Mayr, 2001) linked to the mere fact of being in a situation involving 
potential task switching (Meiran, in press). Based on these problems, Rogers 
and Monsell (1995) introduced the “alternating runs paradigm”. In this paradigm, 
switch costs are not calculated between but within lists of tasks, so that task 
repetitions and task switches are within a block. The task sequence is designed 
in a predictable manner, with a switch of task on every n-th trial. For example, in 
the original variation of Rogers and Monsell (1995) the authors presented 
subjects pairs of a digit and a letter located in one of four quadrants. Upper 
quadrants required subjects to respond to the parity of the numbers (odd vs. 
even). Lower quadrants indicated that subjects had to decide whether the 
presented letter was a consonant or a vowel. The stimulus was moved in a 
clockwise manner throughout a session, resulting in an AABBAABB-sequence 
of tasks. In this way, Rogers and Monsell (1995) ensured the same level of 
memory load and monitoring for both types of task transition (task repetitions 
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vs. task switches). In the alternating-runs procedure switch costs are thus 
defined as the difference in mean RT and error rate between repetition trials 
(AA or BB) and switch trials (AB or BA). The main findings are increased RT 
and error rates in switch trials compared to repetition trials. 
 
2.2.3 The task-cuing paradigm 
The alternating-runs procedure described in the previous section enables to 
vary the whole intertrial interval, in the context of task switching called the 
response-stimulus interval (RSI). Effects of preparation before the successive 
task appears, and effects that might happen after the response in a preceding 
trial are consequently not separable and thus confounded in the alternating-runs 
procedure. The task-cuing paradigm (Meiran, 1996; Sudevan & Taylor, 1987) is 
the probably most frequently used paradigm, since it allows to independently 
manipulate these intervals (see Figure 1).  
 
 
Figure 1: A schematic depiction of the timing procedure in a task-cuing paradigm. 
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In detail, the RSI in the task-cuing paradigm can be divided into the cue-
stimulus interval (CSI) and the response-cue interval (RCI). This feature of the 
cuing paradigm consequently allows to independently manipulate the time 
interval of preparation during the CSI, and effects that occur after a response 
has been given, by manipulating the RCI. At the same time, the RSI can be kept 
constant, if required. There are different versions of the task-cuing paradigm, 
with the basic procedure that the task sequence is random, respectively 
unpredictable, and cues precede each stimulus to indicate the upcoming tasks 
(see Figure 2).  
 
 
                           Figure 2: Example of a task-cuing paradigm.
 
Sudevan and Taylor (1987), for example, used the magnitude/ parity task, that 
is, subjects had to categorize a digit as smaller/ larger than 5 or as odd/ even. 
Cues announcing the next task were the letters LO/HI and OD/EV, for 
magnitude and parity, respectively. Another often used version was introduced 
by Meiran (1996). He used a spatial task by presenting a two-by-two grid 
(Figure 3). The stimulus (a circle or a smiley) appeared in one of the four 
quadrants and depending on the position of cues in forms of arrows, subjects in 
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the vertical task had to decide between up and down, whereas in the horizontal 
task a decision had to be made between left or right.  
 
 
Figure 3: Experimental paradigm by Meiran (1996).
 
As in the alternating-runs procedure with predictable task sequences, switch 
costs in the task-cuing paradigm are also defined as the difference between 
performance in switch trials and performance in repetition trials. By using the 
cuing procedure large switch costs are typically found in RT and errors (e.g., 
Meiran, Chorev, & Sapir, 2000).  
 
2.2.4 Intermittent instructions paradigm 
An alternative to the so far mentioned task-switching paradigms in which 
subjects are instructed to frequently switch between tasks, is the intermittent 
instructions paradigm. For example, Altmann and Gray (2008) used one version 
of the intermittent instructions paradigm by presenting task cues which indicated 
the upcoming task for a series of trials. The indicated task had to be performed 
until the series was interrupted by the next random task cue. Thus, in this 
paradigm, task repetitions and task switches are performed in a series of 
consecutive runs. The intermittent instructions paradigm revealed robust switch 
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costs. Additionally, “restart costs” have been found, indexed by a performance 
decrement after a new cue, even when the task repeats (see also Allport & 
Wylie, 2000).  
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3 Theoretical accounts on switch costs 
To account for switch costs - as the main phenomenon in task switching -
different theories have been put forward, which basically fall into one of two 
main theory categories. The “task-set inertia” account by Allport et al. (1994) 
and the “task-set reconfiguration account” by Rogers and Monsell (1995) are 
probably the most influential and prominent theories on switch costs. In the 
following sections, these two interpretations of switch costs and their 
corresponding evidence will be outlined.  
 
3.1  Task-set inertia 
Allport et al. (1994) argued that switch costs are caused by automatic carry-over 
effects from trial to trial. In detail, after performing one task, its activation 
persists for some time and in case of a task switch causes interference with a 
competing new task, which in turn slows response selection. In other words, 
inertia of task activation leads to proactive interference between competing 
task-sets (or S-R mappings), which results in switch costs (e.g., Schuch & 
Koch, 2003). The interference is not only due to positive priming regarding the 
abandoned tasks set but also results from inhibition of the now relevant task set 
(negative priming) (Allport & Wylie, 1999; Wylie & Allport, 2000).  
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There are different pieces of evidence for the idea of task-set inertia. For 
example, Allport et al. (1994) used Stroop stimuli (color words printed in color). 
The typical finding in Stroop experiments is that incongruent trials (color and 
word referring to different colors) lead to interference, which has a larger effect 
on naming the word color than on naming the word. This asymmetry of 
interference is explained by the difference in strength (or “dominance”, or 
“familiarity”, see Yeung & Monsell, 2003) between the two tasks, since word 
reading is more practiced than color naming. Interestingly, when switching 
between color naming and word reading Allport et al. (1994) found larger switch 
costs when subjects switched to the dominant word-reading task than when 
subjects switched to the less dominant color-naming task. Allport et al. (1994) 
explained these asymmetrical switch costs by assuming that in order to perform 
the less dominant task the corresponding task set needs stronger activation 
from memory while the competing (dominant) task set needs to be actively 
suppressed or inhibited. This results in higher proactive interference from a less 
dominant task (see also, Allport & Wylie, 1999; Yeung, Nystrom, Aronson, & 
Cohen, 2006).  
 
A second line of evidence comes from studies manipulating the RCI (e.g., Koch, 
2001; Poljac & Bekkering, in press; Sohn & Anderson, 2001). Lengthening the 
RCI has been found to lead to a reduction of switch costs. This result has been 
interpreted in terms of decaying activation of the just abandoned task set, which 
results in less interference and a performance improvement in task switches. 
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Since Allport et al. (1994) first excluded executive control processes in task 
switching, Allport and Wylie (2000) later did consider control processes in their 
interpretation. In detail, it was proposed that executive control processes might 
be involved in task switching, while they are maybe just not indexed by switch 
costs (e.g., Allport & Wylie, 2000; Waszak, Hommel, & Allport, 2003). 
Empirically, Allport and Wylie (2000) found that with bivalent stimuli (relevant for 
both tasks) previously presented stimuli lead to an unintentional retrieval of the 
previously relevant task (associative retrieval). The role of executive control 
processes might conceivably be to suppress these prior stimulus-task bindings 
(Mayr & Keele, 2000). 
  
However, the mentioned class of theories focuses on interference to explain 
switch costs and basically can explain switch costs without postulating control 
processes. The following class of theories described in the next section puts 
control processes in the of focus their interpretation.  
 
3.2 Task-set reconfiguration 
Shortly after Allport et al. (1994), Rogers and Monsell (1995) introduced their 
theory on switch costs. The authors proposed a time-consuming process of 
advance task-set reconfiguration (TSR) as the main source of switch costs (see 
also, Goschke, 2000; Meiran, 1996). In detail, the authors assume a two-stage 
model, with an endogenous control process that can take place prior to stimulus 
onset. On switch trials, the sequence of processing (e.g., Monsell, Yeung, & 
Azuma, 2000) is extended by an additional exogenous control process. This 
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process of adapting or “reconfiguring” a task set includes processes like shifting 
attention or adjusting response criteria (Monsell, 2003). In case of a task 
repetition, the task set is already activated and does not need to be 
reconfigured. Supporting evidence comes, for example, from experiments using 
the alternating-runs paradigm by Rogers and Monsell (1995) showing reduced 
switch costs with increased RSI when the RSI was blocked. The RSI was 
viewed as time allowing advance configuration reflecting the endogenous 
component. Residual switch costs after even long RSI were linked to the 
exogenous component that can only take place after stimulus presentation (see 
also, De Jong, 2000; Meiran, 1996; Rubinstein, Meyer, & Evans, 2001). Further, 
data from studies using the task-cuing paradigm, for example by Meiran (1996), 
showed that lengthening the CSI resulted in decreased switch costs, which was 
interpreted as empirical evidence for task preparation.  
  
Today, it is mostly agreed on that the two classes of theories on switch costs 
focusing on either interference or reconfiguration are not to be viewed as 
exclusive. Rather, integrated positions seem most adequate to address the 
phenomena in task switching (e.g., Meiran, 2000a, 2000b; Koch & Allport, 2006; 
Meiran, Chorev, et al., 2000; Meiran & Daichman, 2005; Yeung & Monsell, 
2003; Ruthruff, Remington, & Johnston, 2001; Sohn & Anderson, 2001). 
 
Based on several task-switching experiments, Meiran (2000a, 2000b) was the 
first author who suggested a theoretical intermediate position, by proposing that 
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both carryover effects from the previous trial and reconfiguration processes are 
involved. Meiran’s model of task switching will be presented in the following. 
 
3.3  An intermediate theoretical framework  
Meiran (2000a, 2000b) proposed a model of task switching which has been 
further developed by Meiran, Kessler, and Adi-Japha (2008). Meiran (2000b) 
based his model of task switching on two experiments using the task-cuing 
paradigm (Meiran, Chorev, et al., 2000), in which the manipulation of the CSI 
and the RCI revealed different components of switch costs. In their Experiment 
1, Meiran, Chorev, et al. (2000) found that manipulating the RCI with a fixed CSI 
led to a decrease of switch costs as the RCI increased. In the second 
experiment the RCI was kept fixed and the CSI was manipulated. The results 
showed decreasing switch costs as the CSI increased. Further, even with a long 
CSI of more than 4 seconds, some portion of switch costs remained. Based on 
these results, Meiran (2000b; Meiran, Chorev, et al., 2000) proposed that switch 
costs have three components: a waiting component, which is related to RCI 
effects on switch costs, a preparatory component, related to the effects of CSI 
on switch costs, and a residual component unaffected by either interval. Based 
on this empirical dissociation Meiran (2000a, 2000b) proposed corresponding 
and dissociable underlying processes. Since of importance for the present work, 
these underlying processes will be described in detail in the following.  
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3.3.1 Task-set components 
In line with Allport et al. (1994) and Rogers and Monsell (1995), Meiran (2000b) 
assumed that task sets have several components. In detail, Meiran (2000b) 
proposed a decomposition of the task set into stimulus-related components 
(called Input-Set or Stimulus-Set in the previous version of the model, Meiran 
(2000b) and response-related components (called Action-Set or Response-Set 
in the previous version). Response-related components control the 
representations of the available responses of a given task, whereas the 
stimulus-related components bias the mental representation of the relevant 
stimuli. Based on these ideas Meiran et al. (2008) assumed that switch costs 
arise because stimuli and responses are multivalent. As for example in the 
present work, stimuli are considered to be bivalent (see Figure 4, left panel) 
when each stimulus has different meanings depending on the relevant 
dimension of the stimulus in the context of two different stimulus-categorization 
tasks (see also Brass et al., 2003; Schuch & Koch, 2003; Schuch & Koch, 
2004). Only the appearance of the cue indicates how the stimulus has to be 
interpreted, that is, for example, either in terms of its color or shape. With 
univalent stimuli (Figure 4, right panel), every stimulus has only one unique 
meaning.  
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Figure 4: Bivalent and univalent stimulus setups in a task-cuing paradigm. 
 
With bivalent responses, both tasks “share” the same set of two response keys 
and thus belong to overlapping response sets. For example, in the context of 
the present work (see Figure 5, left panel), pressing the left key in the bivalent 
response condition might indicate “red” in the context of a color task but “A” in 
the context of a shape task. With univalent responses (Figure 5, right panel), 
the Action-Set (or Response-Set) is non-overlapping, since each of the 
responses is assigned to a separate key. 
 
Figure 5: Bivalent and univalent response setups in a task-cuing paradigm.
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A further assumption of the Meiran (2000b) model is that in order to execute a 
task correctly, subjects need to “recruit task sets which enable a nearly 
univalent mental representation of the target stimuli, the responses, or both” 
(p.382). In order for this to happen, the Input-Set emphasizes the relevant 
stimulus dimension through biasing (e.g., Schuch & Koch, 2003). Likewise, the 
Action-Set achieves univalent representations by suppression of the irrelevant 
and / or activation of relevant response representations.   
 
The influence of the Input-Set (or stimulus-related components) and the Action-
Set (response-related components) on switch costs can operationally be 
defined by the manipulation of the valence of the stimuli and responses at hand, 
respectively by the overlap of the corresponding set (see, e.g., Meiran, Levine, 
et al., 2000). Previous research is in accord with separable stimulus-related and 
response-related components of task sets. These studies will be discussed in 
more detail in the next section.  
 
3.3.2 Empirical evidence for different task-set components 
The first study which directly addressed effects of stimulus ambiguity and 
response-set overlap was conducted by Mayr (2001). Specifically, the author 
examined age differences in task switching and in Experiment 2 manipulated 
the degrees of stimulus overlap and response overlap. In detail, stimuli were 
either bivalent or univalent and response keys were manipulated in three 
different groups. In the complete-overlap group the same two response keys 
and the same hand were used for both tasks. In the conceptual-overlap group, 
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the same left-right response codes were used for each of the two response 
sets, but were assigned to each of the two hands. In the no-overlap group, the 
response keys were spatially and physically different for both tasks. Mayr 
(2001) found that the largest switch costs resulted when both stimulus set and 
response set were overlapping. 
 
Meiran and Marciano (2002) reported evidence for the influence of response 
valence in task preparation in a speeded classification task. The authors found 
that a mere change in response meaning, without a change in the relevant 
stimulus dimension, caused switch costs. 
 
Yeung and Monsell (2003) manipulated response valence in task switching in 
their Experiment 3. In particular, response sets were manipulated by overlap in 
modality and/ or category. The results showed that overlap of the response set 
influenced switch costs by making response selection more difficult.  
 
Brass et al. (2003) investigated response valence in a functional MRI study, by 
introducing bivalent- and univalent response conditions. Subjects had to switch 
between two spatial tasks (Meiran, 1996) and the CSI was manipulated. The 
results of the behavioral data replicated previous studies, by showing higher 
switch costs with bivalent responses compared to univalent responses. 
 
Meiran (2005) manipulated response valence in a spatial task-switching 
paradigm and reported less switch costs with univalent responses compared to 
 
26 THEORETICAL ACCOUNTS ON SWITCH COSTS 
bivalent responses. Likewise, Gade & Koch (2007b) examined the influence of 
response valence in task switching and suggested that bivalent responses 
increase the competition among tasks.  
 
With regard to stimulus valence, Meiran (2000b) for example, in his Experiment 
2 presented univalent vs. bivalent stimuli randomly within a block. The results 
showed larger switch costs with bivalent stimuli compared to univalent stimuli 
(see also Rogers & Monsell, 1995).  
 
In sum, previous research convincingly has shown that switch costs are higher 
with bivalent stimuli/ responses than with univalent stimuli/ responses. 
 
However, until now most studies on the role of response valence and stimulus 
valence were mainly interested in preparation effects (during the CSI) (e.g., 
Brass et al., 2003; Gade & Koch, 2007b; Luria & Meiran, 2003; Mayr, 2001; 
Meiran, 2005; Yeung & Monsell, 2003) and did not address decay effects 
(during the RCI). Experiment 6 and Experiment 7 of the present work focused 
on manipulations of response valence, stimulus valence and RCI effects. 
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4  Decay of activation 
As outlined in the previous chapter on task switching accounts, it seems 
consensual that there are a variety of processes contributing to performance in 
task switching (e.g., Koch & Allport, 2006; Meiran, Chorev, et al., 2000; Monsell, 
2003). According to Meiran, Chorev, et al. (2000), the active process of 
reconfiguration (Meiran, 1996; Rogers & Monsell, 1995) is complemented by a 
passive process of task-set persistence (see also Altmann & Gray, 2008, Allport 
et al., 1994). The possible decay of this task-set inertia (e.g., Meiran, Chorev, et 
al., 2000), indexed by manipulation of the RCI in cued task-switching, is the 
focus of the present work.  
 
4.1  Decay of task sets  
Activation decay is a fundamental concept in theories of human memory (e.g., 
Baddeley, 2003) and human cognition (e.g., Anderson, 1993). The persistence 
of task-set activation plays an important role in many theoretical accounts of 
task switching (e.g., Allport et al., 1994; Altmann, 2002; Altmann & Gray, 2008; 
Meiran, Chorev, et al., 2000; Meiran et al., 2008; Schneider & Logan, 2005; 
Sohn & Anderson, 2001; Yeung & Monsell, 2003). The idea of rapid decay of 
task-set activation following performance of a task (Meiran, Chorev, et al., 2000) 
is an additional (sometimes implicit) assumption in these theories. According to 
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Altmann (2002; Altmann & Gray, 2008), decay represents an automatic process 
that has the function to prevent the human system from “a catastrophic buildup 
of proactive interference” (Altmann & Gray, 2008, p. 605), since each new 
activation (i.e., re-activation) of a task set would have to exceed the activation 
level of the previous task set. Inhibition is often assumed as an alternative 
process in the control of interference (e.g., Allport et al., 1994), and in contrast 
to decay is described as controlled rather than automatic processing (e.g., 
Altmann & Gray, 2008). Importantly, the specific idea of decay has to be viewed 
separately from the more general idea of persistence of task-set activation. Still, 
the assumption of decay is consistent with the idea of “task set inertia” 
proposed by Allport et al. (1994), who suggested that interference during task 
switching is caused by previous performance of a different task, and this 
interference is thought to decay passively over time.  
 
4.2  Empirical evidence for decay of task sets  
The empirical signature of decay of task-set activation, as commonly assumed 
in models of task switching, has been thought to be indexed by manipulating the 
RCI in a task-cuing paradigm. According to accounts of persisting activation and 
in line with the idea of decay, a task switch is assumed to require the activation 
of a new task set, whereas in a task repetition, the previous (old) task set can 
be maintained, producing a priming benefit in task repetitions (e.g., Altmann & 
Gray, 2008; Sohn & Anderson, 2001). Decay accounts specifically assume that 
after each trial the activation of the previously established task set decays 
passively over time, so that RT on task repetitions should increase as the 
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activation of the relevant task decays during the RCI. In contrast, for task 
switches, RT should decrease because now the irrelevant, competing task set 
has decayed, so that there should be less between-task interference when 
activating the new task set (see, e.g., Koch & Allport, 2006). Together, these 
two processes are predicted to result in a reduction of switch costs as a function 
of RCI. The idealized empirical signature of task-set decay (assuming two 
equally dominant tasks) is depicted in Figure 6. 
 
 
Figure 6. Schematic depiction of the idealized “decay” signature. 
 
Response-Cue Interval 
Even though task-set decay is an important theoretical construct in task 
switching, there are surprisingly few studies that directly addressed the 
assumed process of task-set decay empirically. These studies will be discussed 
in more detail below. 
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Meiran, Chorev, et al. (2000) demonstrated RCI effects on switch costs in the 
task-cuing paradigm. In their study, subjects had to make a spatial judgment of 
the position of a stimulus that is presented in a 2x2 grid (see page 14, Figure 3). 
Prior to each stimulus onset, cues appeared on the two vertical or horizontal 
sides of the grid to indicate the task-relevant spatial dimension. The interval 
between the response and the subsequent cue (i.e., the RCI) was varied, with 
the values of 132, 232, 432, 1032, or 3032 ms, while the CSI was held constant. 
Meiran, Chorev, et al. (2000) found robust switch costs in this paradigm (see 
also Meiran, 1996). In the present context, the most important finding was that 
switch costs decreased with increasing RCI. Because the CSI was very short 
(117 ms), the authors assumed that active preparation could not account for this 
finding, and so they concluded that the results “supported the set-dissipation 
notion by showing that task-switching costs decreased as RCI increased” (p. 
224). 
 
Meiran, Levine, et al. (2000) used spatial judgment tasks to explore task-set 
decay in task switching. In their Experiment 3, the authors examined the 
influence of the response valence. In one group, subjects responded by 
pressing two response keys along a diagonal, so that, for example, the upper-
left key is used both for the upper position in the vertical judgment task and for 
the left position in the horizontal judgment task (bivalent responses). In a 
second group, four different response keys were arranged in a spatially 
compatible way to the stimulus position (i.e., a left/right pair of keys was used 
for the horizontal judgment and an upper/lower pair of keys for the vertical 
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judgment), so that the responses were univalent. In the latter group, the authors 
found no significant decrease of switch costs with increasing RCI, whereas this 
was found with bivalent responses. This finding might be reconciled with the 
notion of task-set decay by assuming that the failure to obtain the RCI effect on 
switch costs with univalent responses is due to a floor effect because the level 
of performance in that group was much better generally compared to that in the 
group with bivalent responses. This generally improved performance with 
univalent responses is probably due to the decreased conflict at response 
selection because univalent responses can maintain their “response meanings” 
throughout, whereas these meanings need to be updated in a task-specific way 
with bivalent responses (see also Luria & Meiran, 2003; Meiran, 2000b; Schuch 
& Koch, 2003). Importantly though, switch costs were significantly reduced by 
increasing the RCI in the group with bivalent responses, which supports the 
notion of task-set decay. 
 
Supporting evidence for the effect of RCI on switch costs has been also 
reported by Koch (2001). In this study, subjects switched among three 
perceptual tasks (size, color, and symbol type) using bivalent (trivalent, to be 
exact) responses, and the RCI was manipulated between groups, whereas the 
CSI was short. The results showed clearly smaller switch costs in the group with 
long RCI compared to the group with short RCI. 
 
These findings apparently support the notion of a passive process of task-set 
decay that takes place during the RCI (see, e.g., Koch, 2001; Koch & Allport, 
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2006; Meiran, Chorev, et al., 2000; Sohn & Anderson, 2001). However, the 
empirical evidence for task-set decay is much less consistent than it might be 
expected from this clear theoretical account. 
 
RCI effects that were inconsistent with the notion of task-set decay were 
reported by Altmann (2005). He had subjects switch between two perceptual 
judgment tasks (judging either the height or the width of a rectangle target 
stimulus) using bivalent responses. In Altmann’s (2005) Experiments 1 and 2, 
RCI was manipulated within subjects in two levels (100 ms vs. 800 ms in 
Experiment 1 and 100 ms vs. 1600 ms in Experiment 2), producing the 
“standard” RCI effect on switch costs: A decrease of switch costs with 
increasing RCI. However, in Experiments 3 and 4, RCI was manipulated 
between groups, and this manipulation had no effect on switch costs. Due to the 
mixed pattern of RCI effects, Altmann (2005) considered his results to be 
“evidence against a priming dissipation account” (p. 539) and suggested that an 
automatic and passive process such as decay is probably not primarily 
responsible for the RCI effect on switch costs in task switching. 
 
Thus, the current empirical evidence for RCI effects on switch costs appears to 
be much less consistent than is theoretically desirable. The study by Meiran, 
Chorev, et al. (2000) was probably the most influential and most explicit one 
with the claim that RCI effects can be attributed to rapid decay starting within 
the first second after a response. In comparison, Altmann and Gray (2008) and 
Allport et al. (1994), who also proposed a decay process, rather referred to 
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somewhat longer time-scales of seconds to minutes. That is, even though the 
generality and consistency of RCI effects is apparently questionable, the 
assumption of task-set decay plays an important theoretical role (e.g., Allport et 
al., 1994; Altmann, 2002; Altmann & Gray, 2008; Meiran, Chorev, et al., 2000; 
Sohn & Anderson, 2001; Yeung & Monsell, 2003). Therefore, it is a major 
theoretical issue to clarify empirically whether and how RCI effects in task 
switching are related to the theoretical concept of task-set decay. Because RCI 
variations have been found to have potent effects on switch costs, identifying 
the underlying mechanism will substantially contribute to a better understanding 
of the mechanism of task switching in general.  
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5  Episodic memory retrieval  
5.1  Memory structures 
The present study aimed at proposing an alternative account that explains RCI 
effects by referring to the influence of temporal distinctiveness in cue-triggered 
episodic task retrieval. To place this account in context, the next section will 
give an overview on basic concepts and classifications from the current memory 
literature. 
 
One of the most important functions of the human brain is memory. Throughout 
our life, we gain a huge amount of information, which is stored and processed in 
our memory (e.g., Neath & Surprenant, 2003; Wiggs, Weisberg, & Martin, 
1999). In order to describe memory processes, Atkinson and Shiffrin (1968) 
proposed a widely accepted model on memory, termed the “modal model” (see 
Figure 7).  
 
Figure 7: The modal model by Atkinson and Shiffrin (1968).
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According to the model, it is assumed that information comes in from the 
environment and then flows through different memory systems. The first system 
is sensory memory and refers to a brief modality-specific storage of information. 
Next, information enters to short-term memory, a temporary retention module 
for small amounts of information. Finally, information gets stored in long-term 
memory. Long-term memory refers to a system which is responsible for the 
storage of information over long periods of time and has been further classified 
by Squire (1992).  
 
 
Figure 8: Classification of long-term memory after Squire (1992). 
 
As shown in Figure 8, long-term memory is broadly divided into explicit (or 
declarative) memory and implicit (or nondeclarative) memory. The latter 
memory system refers to information from long-term memory that is retrieved 
through the performance of an activity rather than through conscious recall or 
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recognition (e.g., Wiggs et al., 1999). Examples for implicit memory are 
phenomena like classical conditioning, priming or implicit learning. Explicit 
memory, as the other component of long-term memory, is divided into semantic 
and episodic memory (Tulving, 1972). Semantic memory refers to fact-based, 
generic, and context-free “knowledge of the world” (Baddeley, 2009, p.11). It 
includes the meaning of words and their sensory features (e.g., the name and 
color of an apple) as well as general knowledge of behavioral society rules 
(e.g., how to behave in a restaurant). Moreover, semantic memory is thought to 
be retrieved automatically. Episodic memory, on the other hand, and of special 
interest for the present study, refers to personal information on specific 
episodes or events. It only takes one exposure to form an episodic memory, 
which includes the conscious recall of the time and the content of a specific 
episode (e.g., recalling what I had for dinner yesterday). Further, the temporal-
spatial relations among episodes or events are received and stored in episodic 
memory (Tulving, 1972). 
 
5. 2  Memory retrieval 
In order to use one’s memory capacities, we need to gain access to it or to 
“retrieve” it. Retrieval is defined as the process of cue-based recall of a 
particular memory (e.g., an episode) and its subsequent leading to awareness 
in order to be able to use the memory for cognition (Baddeley, 2009). How 
successfully we retrieve an episode can vary and is thought to be determined 
by several factors (Rugg & Wilding, 2000). For example, presented cues need 
to be attended sufficiently in order to be effective. Another factor influencing 
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retrieval is the relevance of cues, referring to the relatedness of a cue to the 
target memory (Anderson, 2009). Third, retrieval is more successful, the 
stronger the association between a cue and a target memory, defined as the 
“encoding specificity principle” (e.g., Tulving & Thomson, 1973). The number of 
cues is also a relevant factor, since retrieval often improves with increasing 
number of relevant cues (Baddeley, 2009). Another factor in retrieval refers to 
the strength of the target memory in terms of encoding. The adopted strategy of 
retrieval is a further factor influencing retrieval. For example, recalling from 
different perspectives can helps to enhance recall success. The mode of 
retrieval (Tulving, 1983) is a further factor showing an impact on retrieval. The 
notion describes the finding that retrieval is more effective when linked to the 
right mind frame or cognitive set, which ensures that stimuli are interpreted as 
retrieval cues.   
 
To account for switch costs, different models can be found in the current 
literature which assume that memory processes contribute to switch costs. In 
the next section, the main models will be presented.  
 
5. 3  The role of memory retrieval in task switching 
Allport et al. (1994) were the first authors to introduce the idea that some part of 
switch costs might be linked to memory processes. As described in section 3.1, 
Allport et al. (1994) postulated that the task set non-intentionally persists over 
time. This “higher-order priming” of task set is thought to be responsible for 
switch costs, by creating interference on task level (including S-R mappings). 
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Along similar lines, Altmann and Gray (2008) put forward a more formalized 
model, in which the authors conceptualized task switching as retrieval of task 
codes (i.e., task sets) from working memory. In switch trials, compared to 
repetition trials, this retrieval requires more time because of proactive 
interference from old task codes. To account for residual switch costs, Altmann 
and Gray (2008) assumed failures to engage in task-code retrieval (see also De 
Jong, 2000). 
 
When considering the idea that memory processes and memory retrieval play a 
role in task switching, it is interesting and important to specify the definition of 
memory retrieval. In section 5.2 retrieval was defined as the process of cue-
based recall of a particular memory (e.g., an episode) and its subsequent 
leading to awareness in order to be able to use the memory for cognition 
(Baddeley, 2009). The particular memory or episode in the context of task 
switching can be assumed to be the task set (see Altmann & Gray, 2008). The 
rather general concept of ”cue-based” in the definition by Baddeley (2009) in the 
context of task switching can either refer to a cue or a stimulus in a trial. The 
following two sections give an overview on theories assuming that memory 
retrieval in task switching is either stimulus-specific or cue-specific.   
 
5.3.1 Stimulus-specific memory retrieval 
After the introduction of the idea of task-set intertia by Allport et al. in 1994, in a 
later study on task switching, Allport and Wylie (2000) had subjects perform 
Stroop color naming and word reading. It was found that following the Stroop 
 
40 EPISODIC MEMORY RETRIEVAL  
color-naming tasks, RT in word reading was increased. This effect was also 
found on the first trial of pure blocks (Experiments 3-5) of word reading later in 
the session, even though there was no switch of task. In addition to the idea of 
task-set intertia (Allport et al.,1994), Allport and Wylie (2000; Wylie & Allport, 
2000) proposed that part of the negative priming (from Stroop color-naming to 
color reading) is linked to activation and/ or inhibition associated with competing 
tasks. However, this priming was not assumed on the level of task sets (Allport 
et al., 1994) but was reformulated as being rather stimulus specific. That is, the 
presentation of specific stimuli which were previously linked to a competing 
task, is thought to trigger the retrieval of the previous task. This trigger of 
retrieval in turn results in positive or negative priming.  
 
Along these lines, Waszak et al. conducted a study in 2003 by using word-
reading and picture-naming tasks. These authors observed that switch costs in 
the dominant word reading task increased with increasing frequency of the 
stimulus component as a distractor in the competing picture naming task (see 
also Allport & Wylie, 2000, Experiment 5). In line with the stimulus (or item)-
specific retrieval account introduced by Allport and Wylie (2000), Waszak et al. 
(2003) suggested that individual stimuli become associated with the tasks in 
which they occurred, even after a single exposure. Stimuli can trigger the 
retrieval of the associated task and in case of competing tasks lead to an 
increase of switch costs. 
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Further support for stimulus-specific retrieval in task switching was brought 
forward by Koch and Allport (2006). In contrast to the above mentioned studies, 
Koch and Allport (2006) used two relatively equally dominant tasks. In detail, 
subjects had to switch between magnitude and parity classifications of digits. 
Each digit occurred uniquely in one of the tasks. After four blocks of training, the 
stimulus-to-task assignment was reversed in Block 5. The critical comparison 
between Blocks 4 and 5 revealed an increase in switch costs. This finding was 
interpreted in terms of different stimulus-to-task mappings producing stimulus-
specific associations between stimuli and tasks. These stimulus-based priming 
effects lead to increased task competition and consequently contribute to switch 
costs.  
 
A further study examining the role of memory retrieval due to stimulus-task 
associations was conducted by Rubin and Koch (2006). These authors used the 
task-cuing paradigm and added an irrelevant attribute (color) to the stimulus. 
The added attribute (in addition to the cue) contained information about the task 
identity. The critical manipulation was that the information introduced by the 
irrelevant attribute was either valid (when the color of the stimulus was related 
to the relevant task) or invalid (when the color of the stimulus was related to the 
competing task). In two experiments, correlation patterns between the irrelevant 
attribute and the stimulus were created and subsequently changed, allowing to 
manipulate the validity of the stimulus color. The results showed that the 
irrelevant attribute affected performance in terms of higher switch costs when 
the color indicated the competing task. Rubin and Koch (2006) interpreted this 
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finding by referring to automatic activation (i.e., retrieval) of the associated task 
set by the stimulus. In case of an invalid irrelevant attribute retrieval of the 
wrong task set interferes with retrieval of the correct task set indicated by the 
cue, resulting in an increase of switch costs. 
 
5.3.2 Cue-specific memory retrieval 
Studies examining the role of cue-based retrieval processes were put forward 
by Logan and Bundesen (2003) and Mayr and Kliegl (2003). The authors 
particularly addressed that in the task-cuing paradigm, a task repetition is 
always linked to a cue repetition while a task switch is always linked to a cue 
switch. To separate effects of task switching from effects of cue switching, 
Logan and Bundesen (2003) and Mayr and Kliegl (2003) used a 2:1 cue-to-task 
mapping. In that way, a cue change could either result in a task repetition or a 
task switch. For example, in the task-switching study of Mayr and Kliegl (2003) 
subjects had to categorize a colored form in terms of its color or form. The 
letters “G” and “S” were used as cues to indicate the color task whereas the 
letters “B” and “W” indicated the form task. The results revealed large costs of a 
cue change even if the task did not change. Based on this finding Mayr and 
Kliegl (2003) suggested that standard switch costs in the task-cuing paradigm - 
measured as the performance difference between task switches and task 
repetitions - have a component that is related to processes of cue switching 
(see also Logan & Bundesen, 2003; Kiesel et al., 2009, for a review). 
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Accordingly, Mayr and Kliegl (2000, 2003) proposed that switch costs are 
neither task-specific nor stimulus-specific. Rather, switch costs were interpreted 
as being cue-specific, by reflecting an interactive process of cue encoding and 
memory retrieval. Specifically, Mayr and Kliegl (2000, 2003) assumed that in 
every trial subjects activate the currently relevant S-R rules, defined as a long-
term memory retrieval process. Cue-switch costs are thought to represent the 
additional time costs due to a change of the retrieval path in long-term memory 
which needed to activate the associated task set.  
 
Since Mayr and Kliegl (2003) did also find substantial costs between task 
repetitions and task switches, Logan and Bundesen (2003), did not find these 
switch costs in their design. Consequently, Logan and Bundesen (2003) 
interpreted their finding by assuming that performance in the task-cuing 
paradigm depends on a “compound stimulus strategy”. That is, subjects are 
thought to encode the cue, encode the stimulus and then respond to the 
resulting combination. The compound of cue and stimulus serves as a trigger to 
retrieve the response from long-term memory.  
 
The account of cue-specific memory retrieval was also addressed by Gade and 
Koch (2007a). Specifically, the authors examined the cue-based implementation 
of task sets by assuming that cues create associations to the tasks they 
indicate. These associations are thought to retrieve the associated task set 
when the cue is being encountered again. In detail, in the task-cuing study by 
Gade and Koch (2007a) subjects either had to categorize a letter as vowel or 
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consonant or categorize a digit as odd or even. Shape cues (e.g., circle vs. 
rectangle) were used to indicate the tasks. A letter and a digit were presented in 
each trial. The same response keys were used for both tasks, which resulted in 
congruent trials (both tasks producing the same key-press, e.g., Meiran, 2000b) 
and incongruent trials (the two tasks producing different key-presses). The 
experiment started with a training phase, in which subjects were exposed to one 
cue-task mapping. In the following test phase, the cue-task mapping was 
reversed. It was found that a reversal of the cue-task mapping increased switch 
costs. Interestingly, this performance decrement was found even on congruent 
trials, where the response to the compound of cue and stimulus did not change 
(see Logan & Bundesen, 2003).  
 
In line with the idea that memory retrieval plays a role in task switching, the 
present work proposes an account that explains RCI effects by referring to the 
influence of temporal distinctiveness in cue-triggered episodic task retrieval. For 
example, Rugg and Wilding (2000) describe the basic process of episodic 
retrieval specifically as the “interaction between a retrieval cue and a memory 
trace” (p. 108), which results in the reconstruction of the episode represented by 
the trace. One factor, influencing episodic retrieval, next to the factors 
mentioned in section 5.2, is the temporal distinctiveness of an episode. 
Temporal distinctiveness can be defined as “the extent to which a stimulus 
stands out from other stimuli” (Neath & Surprenant, 2003, p. 133). Based on 
these definitions, a detailed description of the account of temporal 
distinctiveness in episodic task retrieval will be given in the following section.
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6  Temporal distinctiveness in episodic task 
retrieval 
Many models of task switching assume that the performance benefit in task 
repetitions can be largely attributed to a process of priming, which is the relative 
facilitation of processing a representation that has been activated in the 
previous trial (e.g., Altmann & Gray, 2008; Sohn & Anderson, 2001). More 
specifically, in line with Altmann and Gray (2008) and their model of cognitive 
control in task switching (see section 5.3), the present study assumes that each 
cue retrieves (i.e., activates or re-activates) the associated task set. In Altmann 
and Gray’s terminology (2008) a task set is called “episodic task code”. In line 
with Squire (1992), Altmann and Gray (2008) supposed a declarative memory 
organization, which entails episodic memory elements, next to semantic 
memory elements. Altmann and Gray (2008) describe episodic memory 
elements as the single task codes of every trial (as single episode in memory), 
whereas semantic memory elements refer to the stable representation of tasks, 
stimulus categories, and responses of an experimental session. 
 
The retrieval of the task set is facilitated in a task repetition because task-set 
activation persists over time (see also Allport et al., 1994; Yeung & Monsell, 
2003). As described in the previous section, task-set decay accounts would 
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predict diminishing task-set repetition benefits with increasing time. The idea 
behind this assumption is that the probability to retrieve the previous task set 
decreases because of a passive process of decay of the episodic memory 
elements, which occurs as a function of the passage of time. 
 
The present work proposes an alternative account that explains RCI effects by 
referring to the influence of temporal distinctiveness in cue-triggered episodic 
task retrieval. Episodic retrieval accounts assume that memory is 
chronologically organized and that previous episodes are retrieved with varying 
probabilities. While there are certainly many factors that influence episodic 
retrieval (see chapter 5.2), the notion of temporal distinctiveness suggests that 
retrieval is influenced by the temporal distinctiveness of one episode relative to 
prior episodes (see, e.g., Brown, Neath, & Chater, 2007; see also Murdock, 
1960). High temporal distinctiveness should improve episodic retrieval. Along 
these lines, Brown et al. (2007) developed a formal model of temporal 
distinctiveness that refers to the ratio of temporal distances of memory traces as 
a variable that affects retrieval probability. It is important to note that the notion 
of temporal ratios refers to temporal relations among events rather than to the 
absolute passage of time between events. That is, in the memory literature, the 
idea of temporal distinctiveness in memory retrieval is discussed as a concept 
that may represent an alternative to time-based decay (e.g., Brown et al., 2007; 
Nairne, 2002; Oberauer & Lewandowsky, 2008). The notion of temporal 
distinctiveness is grounded in studies on serial memory (see, e.g., Brown et al., 
2007; Nairne, 2002; Oberauer & Lewandowsky, 2008). 
TEMPORAL DISTINCTIVENESS IN EPISODIC TASK RETRIEVAL 47 
The study at hand argues that the concept of temporal distinctiveness is 
important in the present context, so that this concept is transferred from serial 
memory to explaining RCI effects in task switching. In the context of cued task 
switching, it is assumed that the task-repetition benefit is largely driven by cue-
triggered episodic retrieval of a task set, as the cue needs to retrieve an already 
activated task set (see also Mayr & Kliegl, 2003). Critically, it is assumed that in 
task repetitions this retrieval process benefits not only from the fact that the task 
set is already activated but also from an episodic retrieval component that refers 
to the previous encounter of the same task set. Hence, task-set retrieval is 
additionally modulated by the degree to which previous episodes referring to the 
same task set are retrievable. Successful episodic retrieval is influenced by 
different factors (e.g., Rugg & Wilding, 2000). The present work suggests that 
temporal distinctiveness is one further, albeit not the only, important variable 
that affects the degree to which episodic memory traces of previous task 
episodes are retrievable. By applying this idea to the effect of RCI 
manipulations in task switching, it is assumed that temporal distinctiveness can 
be defined as the ratio of the current RCI to the previous RCI1 and that this ratio 
largely determines the RCI effect. Thus, RCI effects influence temporal 
distinctiveness, which in turn affects episodic retrieval. This idea of temporal 
                                            
1 For simplicity, temporal distinctiveness is operationally defined as the ratio of the 
previous RCI and the current RCI in a given trial. Using the entire intertrial interval, 
which includes the CSI and the RT in addition to the RCI, would make the 
consideration more complex, but it would not change the general logic. That is, the 
temporal distinctiveness ratios would become smaller due to increased interval 
durations, but the relative differences in the direction of temporal distinctiveness remain 
the same. Analyses for Experiment 1 have proven this point.  
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distinctiveness as a variable that modulates cue-triggered episodic task retrieval 
is depicted in Figure 9. 
Figure 9. Schematic depiction of different levels of temporal distinctiveness as a 
function of response-cue interval (RCI) transition patterns in task repetitions. 
 
Figure 9 shows a schematic depiction of four different RCI relations (i.e., 
transition patterns) that produce three different levels of temporal 
distinctiveness. Before describing the figure, the relation between RCI ratio, 
temporal distinctiveness, and resulting performance, should be clarified as 
follows. The smaller the RCI ratio, the higher (or better) the temporal 
distinctiveness, which in turn results in better performance (e.g., lower RT and 
error rates). Lines 1 and 2 of Figure 9 depict repeating RCIs representing the 
same intermediate level of temporal distinctiveness (with an RCI ratio of 1). Line 
3 shows a preceding short RCI and a current long RCI, representing a case of 
low temporal distinctiveness (RCI ratio > 1). The previously activated task set is 
temporally distant to the current trial but close to the n-2 episode. In turn, the 
two latter episodes are temporally close and associated in memory. 
Consequently, the probability of retrieving the n-1 episode in the current trial is 
decreased, which should lead to a reduced repetition priming benefit. Line 4 
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depicts a preceding long RCI and a current short RCI, representing a high level 
of temporal distinctiveness (RCI ratio < 1). The previously activated task set is 
temporally close to the current trial but distant to the n-2 episode. In turn, the 
two latter episodes are temporally far and less crowded in memory. 
Consequently, the probability of retrieving the n-1 episode in the current trial is 
increased, which should lead to an increased repetition priming benefit. With 
reference to the general concept of temporal distinctiveness (Brown et al., 
2007), the figure basically plots the idea that an episode is easy to retrieve if it 
occurred recently and if there were few temporally close neighboring episodes 
(or events) (Hoerl & McCormack, 2001).  
 
Based on this consideration of temporal distinctiveness in cued task switching, 
the present work assumes that the probability of direct task retrieval in task 
repetitions is largely determined by the relation of subsequent RCIs rather than 
by the absolute duration of the RCI in the current trial. In the case of task 
repetitions, the shortest RTs are predicted to be found with a previous long RCI 
and a current short RCI (RCI ratio < 1). 
 
The present study introduces the notion of temporal distinctiveness in episodic 
retrieval as a novel heuristic framework for explaining RCI effects in task 
switching. This framework focuses on the temporal relations across trials, 
whereas the decay concept treats the passage of time in absolute terms. Based 
on the findings of a series of experiments that are report below, it is argued that 
there is only little merit in the decay concept when applied to explaining RCI 
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effects (see also Altmann, 2005). In contrast, focusing on temporal relations and 
distinctiveness in episodic retrieval offers a suitable heuristic framework to 
explain RCI effects. 
 
To anticipate the results, it was found that the influence of RCI on switch costs 
in task switching is mainly due to an influence of RCI manipulations (length of 
RCI, mixing of RCIs, and transition of RCI) on performance in task repetitions, 
whereas task switches were hardly affected by RCI manipulations. Therefore, 
the present temporal distinctiveness framework focuses on the (loss of the) 
task-repetition benefit in task switching. It is critically important to note that 
traditionally measured “switch costs” in task switching refer to task-repetition 
performance as a baseline. Hence, factors influencing task repetitions are also 
relevant for the interpretation of task-switching performance and switch costs in 
general. 
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7  Overview of experiments 
The present work reports seven experiments that examined response-to-cue 
interval (RCI) effects in the cuing version of the task-switching paradigm. By 
doing so, one can critically compare the predictions made with respect to 
passive decay and temporal distinctiveness. Experiment 1 established RCI 
effects in task switching in a within-subject manipulation using a perceptual 
judgment task (shape vs. color) and manipulated different ranges of RCIs 
spanned from 100 ms to 2000 ms to examine the time course of RCI effects. In 
Experiment 2, a shorter range of RCIs from 50 ms to 1000 ms were used in 
order to examine whether the slope of the RCI functions is constant across 
variations of the RCI range. Decay accounts would predict a different slope 
across both experiments based on the different absolute RCI durations. 
Experiment 3 examined the role of temporal uncertainty in RCI effects by 
varying blocked vs. mixed (random) RCI in a within-subject design. Decay 
accounts offer no basis to predict a difference between blocked and mixed RCI, 
whereas a temporal distinctiveness account would predict that the RCI effect is 
strongly modulated by the temporal relation of subsequent RCIs. Experiment 4 
was run to examine the effect of temporal unpredictability as a possible 
determinant of RCI effects. Experiment 5 was run to disentangle the roles of 
cue repetition and task repetition in RCI effects and to demonstrate that 
temporal distinctiveness affects episodic task-set retrieval rather than 
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perceptual cue encoding in task switching. Experiment 6 and Experiment 7 
explored which part of the task set plays a role in episodic retrieval. To this end, 
in Experiment 6 response valence was manipulated, while Experiment 7 
examined the influence of stimulus valence.   
 
7.1 Experiment 1 
Experiment 1 was conducted to establish RCI effects by using a task-cuing 
paradigm. Subjects switched between two perceptual tasks (color vs. shape 
decision) using bivalent responses. To examine the time course of RCI effects, 
the duration of the RCI was varied at four levels: 100 ms, 200 ms, 1000 ms, and 
2000 ms. Based on decay accounts, the prediction would be that for task 
repetitions, RT should increase with lengthened RCI. In case of task switches, 
long RCI should decrease RT because the irrelevant, competing task set 
decays, so that interference caused by the irrelevant task set should be weaker 
(e.g., Allport et al., 1994). According to these hypotheses, switch costs were 
expected to decrease with long RCI. In comparison, the notion of temporal 
distinctiveness does not offer a prediction for task switches, but it predicts that 
RT in task repetitions are shorter with short RCI than with long RCI because the 
probability of a high temporal distinctiveness (i.e., RCI ratio < 1) is higher with 
current short RCI than with current long RCI.  
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7.1.1 Method 
Subjects 
Twelve subjects (7 female, 5 male; mean age = 25.6 years) were tested and 
participated for course credit. 
 
Stimulus and Apparatus 
Subjects had to switch between two perceptual judgment tasks with two-
dimensional and bivalent stimuli. Tasks were to decide about the shape (A vs. 
4) or the color (red vs. blue) of a stimulus. Stimuli were presented one at a time 
in a white frame at the center of a black screen (15-inch monitor) connected to a 
PC. The rectangular frame had the width of 4.0 cm and height of 3.5 cm; the 
viewing distance was 60 cm. The relevant task in each trial was cued by four 
signs surrounding the frame. The cues were dollar signs for the shape task and 
small yellow squares for the color task (cf. Koch, 2001). Each cue symbol was 
approximately 0.7 cm high/wide. Responses were made on a computer 
keyboard. As response keys, the left and right cursor-keys were used, which 
were to be pressed by the left and right index finger, respectively. 
 
Procedure 
The experiment was run in a single session of approximately 40 minutes. 
Instructions were given both on the monitor and orally. Subjects were informed 
that they would have to switch between two tasks, which would be indicated by 
cues. The instruction emphasized speed as well as accuracy. Then, subjects 
were informed about the response keys (an instruction sheet concerning the 
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mapping of the response keys remained in front of them throughout the 
experiment). The stimulus-response mapping was held constant for each 
individual subject but was counterbalanced across subjects. 
 
The experiment was divided into a practice block of 20 trials and 8 experimental 
blocks of 96 trials each. The sequence of trials was controlled for an equal 
number of each task, stimulus, and task transition (repetition vs. switch). In 
order to distinguish RCI effects from preparation, the CSI was held short and 
constant at 100 ms, while the RCI was randomly varied with four levels: 100 ms, 
200 ms, 1000 ms, and 2000 ms. A trial started with a black screen followed by 
the cue (i.e., a white frame surrounded by four cue signs). After the fixed cuing 
interval of 100 ms (CSI), the stimulus was presented in the middle of the cue 
frame. Pressing a response key erased the cue and the stimulus from the 
screen. Subjects received visual error feedback for 500 ms when they pressed 
the wrong key (German: “Falsche Taste”).     
 
Design 
The independent within-subject variables were task transition (switch vs. 
repetition) and RCI (100, 200, 1000, and 2000 ms). The dependent variables 
were RT and error rate.  
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7.1.2  Results 
RT and error data were submitted to separate repeated-measures analyses of 
variance (ANOVAs), with the independent variables of task transition and RCI. 
RTs > 2500 ms were defined as outliers and dropped from the analysis (< 1%), 
as were the first two trials of each block. For RT analysis, all errors and all trials 
immediately preceded by an error were discarded. Figure 10 shows RTs and 
error rates for Experiment 1 (and for Experiment 2, see below) on an interval 
scale, allowing to examine the RCI function as a function of time. 
 
Figure 10: RT and error rate as a function of task transition and response-cue interval 
(RCI) in Experiment 1 and 2. 
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In the RT data, there was a significant effect of task transition, F(1, 11) = 
104.27, MSE = 10840, p < .001, indicating longer RTs for task switches than for 
repetitions (1064 ms vs. 847 ms), resulting in switch costs of 217 ms. The effect 
of RCI was also significant, F(3, 33) = 7.37, MSE = 3433, p = .001, indicating 
increasing RTs with increasing RCI (RTs of 925 ms, 937 ms, 965 ms, and 998 
ms for the RCIs of 100 ms, 200 ms, 1000 ms, and 2000 ms, respectively). 
Importantly, the interaction of task transition and RCI was significant, F(3, 33) = 
22.11, MSE = 1588, p < .001, indicating decreasing switch costs as a function 
of RCI (switch costs of 273 ms, 277 ms, 204 ms, and 114 ms for the RCIs of 
100 ms, 200 ms, 1000 ms, and 2000 ms, respectively). 
 
To further specify the significant interaction of task transition and RCI, a 
separate one-way ANOVA for task-repetition trials with RCI as independent 
variable showed that RTs in task repetitions significantly increased with longer 
RCI, F(3, 33) = 25.93, MSE = 2294, p = .001. The same analysis for task 
switches only showed a very small and non-significant decrease of RTs with 
increasing RCI, F < 1. 
 
In the error data, there was a significant effect of task transition, F(1, 11) = 
13.49, MSE = 11.28, p = .004, indicating more errors in switch trials (8.3%) than 
in repeat trials (5.8%). The effect of RCI was also significant, F(3, 33) = 3.79, 
MSE = 10, p = .019, indicating a higher frequency of errors with RCI 2000 
(8.7%), followed by RCI 1000 (7.3%), and RCI 100 (6.6%). The lowest error rate 
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was observed with RCI 200 (5.7%). The interaction of RCI and task transition 
was non-significant, F < 1. 
 
7.1.3 Discussion 
The basic pattern of the results of Experiment 1 shows that task-repetition 
performance was affected by RCI, resulting in reduced switch costs with 
increased RCI. The decrease of switch costs with long RCI is in accord both 
with previously observed RCI effects (e.g., Altmann, 2005; Koch, 2001; Meiran, 
Chorev, et al., 2000) and with the task-set decay account. Importantly though, 
for switch trials no significant effect of RCI was found (and even an increase in 
error rates), which conflicts with the idea of decay of the irrelevant task set in 
task switches. 
 
In contrast, the data are consistent with the account of episodic task retrieval 
that is modulated by temporal distinctiveness. To examine the prediction of the 
temporal distinctiveness account, a further analysis on the results of Experiment 
1 was performed. As stated in the Introduction section, the approach of 
temporal distinctiveness predicts that RTs in task repetitions should be 
influenced by the temporal distinctiveness of the previous task episode, which 
modulates the retrieval probability and thus the size of the repetition priming. 
Temporal distinctiveness was defined as the temporal ratio between the current 
RCI and the preceding RCI. Table 1 depicts the 9 different RCI ratios resulting 
from the four different RCI levels. 
 
 
60 EXPERIMENT 1 
Table 1: Experiment 1. Temporal distinctiveness defined as the response-cue interval 
(RCI) ratio between the current RCI and the preceding RCI (current RCI/ n-1 RCI). 
 
 
Current RCI (ms) 
n-1 RCI 
(ms) 
100 200 1000 2000 
 RCI ratio RCI ratio RCI ratio RCI ratio 
100 1 2 10 20 
200 0.5 1 5 10 
1000 0.1 0.2 1 2 
2000 0.05 0.1 0.5 1 
 
Figure 11 shows mean RTs for task repetitions as a function of RCI ratio in 
Experiment 1 (and for Experiment 2, see above). A bivariate correlation of RCI 
ratios and RT in task repetitions revealed a significant correlation (r = .738, p = 
.001), indicating that small RCI ratios (i.e., high temporal distinctiveness) are 
associated with short RTs. This finding is consistent with the present temporal 
distinctiveness account. 
 
Figure 11: Mean RT in task repetitions in Experiments 1 and 2, as a function of the RCI 
ratio. 
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7.2  Experiment 2 
Experiment 2 differed from Experiment 1 only with respect to the shorter range 
of RCI levels used, which were 50 ms, 150 ms, 300 ms, and 1000 ms. The 
rationale of using a shorter range of RCI levels was to further examine the time 
course of the RCI function. In particular, Experiment 2 aimed at investigating 
whether the time course is constant across variations of RCI range, which can 
be predicted based on decay accounts. Based on a temporal distinctiveness 
account, the prediction would be that task-repetition RT is related to RCI 
relations rather than to absolute RCI durations. In particular, it was expected 
that in line with the temporal distinctiveness assumption task repetition RT 
would be shorter with smaller RCI ratios.  
 
7.2.1 Method 
Subjects 
Twelve new subjects (9 female, 3 male; mean age = 23 years) were tested and 
participated for course credit. 
 
Stimulus, Apparatus, and Procedure 
The stimuli, apparatus, and procedure were the same as in Experiment 1, with 
the only difference that shorter levels of RCI were used (50 ms, 150 ms, 300 ms 
and, 1000 ms, instead of 100 ms, 200 ms, 1000 ms, and 2000 ms). RT and 
error data for Experiments 2 are depicted in Figure 10 (together with the data of 
Exp. 1). 
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7.2.2 Results 
The RT analysis followed the same constraints as in Experiment 1. RTs 
exceeding 2500 ms were discarded as outliers (4%).2 There was a significant 
effect of task transition, F(1, 11) = 61.01, MSE = 22476, p = .001, with longer 
RTs for task switches than for repetitions (1170 ms vs. 931 ms). There was a 
significant effect of RCI, F(3, 33) = 7.24, MSE = 2388, p = .001, with RTs 
increasing with longer RCI (RTs of 1021 ms, 1043 ms, 1052 ms, and 1086 ms 
for the RCIs of 50 ms, 150 ms, 300 ms, and 1000 ms, respectively). Importantly, 
the interaction of RCI and task transition was significant, F(3, 33) = 18.93, MSE 
= 1758, p = .001, indicating again that switch costs decreased with longer RCI 
(switch costs of 287 ms, 288 ms, 250 ms, and 130 ms for the 50 ms, 150 ms, 
300 ms, and 1000 ms, respectively).  
 
To further specify the significant interaction of task transition and RCI, 
analogously to Experiment 1, one-way ANOVAs with RCI as an independent 
variable were conducted separately for task repetitions and for task switches. 
The results showed a significant increase of task-repetition RTs with increasing 
RCI, F(3, 33) = 20.56, MSE = 2319, p = .001, whereas RTs for task switches 
were hardly affected by increasing RCI, F < 1. 
                                            
2 The outlier rate was higher relative to the previous and subsequent experiments. 
However, a reanalysis of the data with a lower outlier criterion did not change the 
pattern of results, so that the outlier criterion was kept consistent across experiments. 
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For the error data, the main effect of task transition was significant, F(1, 11) = 
10.58, MSE = 35.19, p = .008, with more errors in task switches than in 
repetitions (8.6% vs. 4.7%). The main effect of RCI was not significant, F(3, 33) 
= 1.54, MSE = 5, p = .220, nor was the interaction between task transition and 
RCI, F < 1. The general pattern of results in the error data of Experiment 2 
resembles the pattern of errors in Experiment 1. An inspection of the error data 
in Figure 9 shows that error switch costs are numerically higher in Experiment 2 
than in Experiment 1, that is, with a shorter range of RCI. 
 
In analogy to Experiment 1, a further analysis was conducted to examine the 
role of temporal distinctiveness. Table 2 depicts the 13 different RCI ratios 
resulting from the four different RCI levels in Experiment 2. Figure 10 shows 
mean RTs for task repetitions as a function of RCI ratios. 
 
Table 2: Experiment 2. Temporal distinctiveness defined as the response-cue interval 
(RCI) ratio between the current RCI and the preceding RCI (current RCI/ n-1 RCI). 
 
Current RCI (ms) 
n-1 RCI (ms) 50 150 300 1000 
 RCI ratio RCI ratio RCI ratio RCI ratio
50 1 3 6 20 
150 0.33 1 2 6.67 
300 0.167 0.5 1 3.3 
1000 0.05 0.15 0.3 1 
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A bivariate correlation of temporal distinctiveness values and RT in task 
repetitions revealed a significant correlation (r = .584, p = .017), indicating that 
high temporal distinctiveness is associated with short RT. This result is 
consistent with the idea that temporal distinctiveness modulates the probability 
of episodic task retrieval in task repetitions. 
 
7.2.3  Discussion 
In sum, the RT data of Experiment 2 replicated the results of Experiment 1, 
indicating the basic pattern of reduced switch costs with increasing RCI. This 
pattern was, as in Experiment 1, due to a RT increase in task repetitions with 
long RCI. Even with shorter RCIs, as manipulated in Experiment 2, RT in task 
switches was hardly affected. 
 
Note that the loss of task-repetition priming with increasing RCI appears to be 
greater with a short RCI range (i.e., in Experiment 2). To investigate slope 
differences in the RCI function between Experiment 1 and Experiment 2, a 
regression analysis on task-repetition RT and RCI was conducted. In 
Experiment 1, in which the RCI range was between 100 ms and 2000 ms, the 
rate of reduction of the repetition benefit was 8 ms per 100 ms RCI, whereas 
this rate was 15 ms per 100 ms RCI in Experiment 2, where the RCI range was 
between 50 ms and 1000 ms. In a further step, a regression analysis for every 
single subject was run, with the level of RCI in Experiments 1 and 2 as 
independent variable and RTs on task repetitions as dependent variable (cf. 
Howell, 2007). These values were submitted to a t-test to examine the rate 
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difference across experiments, and this test showed that this rate was in fact 
significantly higher in Experiment 2 than in Experiment 1, t(22) = 2.58, p = .017.  
 
Further, it should be noted that the manipulation of RCI range in Experiments 1 
and 2 was associated with differences in overall response speed. It cannot be 
excluded that this difference contributed to finding the slope difference between 
Experiment 1 and Experiment 2, but it is clear that the data of Experiment 1 and 
2 do not support the idea that RCI effects are a constant function of the 
absolute duration of RCI. In fact, visual inspection of the data of Altmann’s 
(2005) Experiments 1 and 2, which differed in the RCI range, too, also suggest 
that RT is not a constant function of the absolute RCI duration. In contrast, the 
data suggest that temporal distinctiveness plays a role in explaining the 
decreasing effect of task repetition priming. Comparing the slopes in the present 
experiments with the slope effect predicted by the model of Altmann and Gray 
(2008) shows an interesting parallel. In Altmann and Gray’s model (2008) 
runlength was manipulated, which was thought to modulate the level of 
interference between the activation of a current task set and activation of the 
previous task set. Altmann and Gray (2008) assumed that the length of a run 
influenced the interference level not from run to run, but across the span of a full 
session. In the present experiments average RCI was manipulated, and maybe 
could have played a similar role in modulating the interference level, not from 
trial to trial but also across the span of a full session. In other words, longer 
average RCIs might result in more decay and in turn in less interference, 
compared to shorter average RCIs. It might be conceivable that the mentioned 
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effect represents decay processes in task switching which in accordance with 
our data, might exist on a higher level, for effects of RCI that are not 
measurable from trial to trial. Nevertheless, decay cannot adequately account 
for the loss of task-repetition priming influenced by RCI ratio, which is 
accounted for by the notion of temporal distinctiveness in episodic task-set 
retrieval.  
 
RCI effects and non-specific preparation 
Experiments 1 and 2 used mixed RCIs. Because mixed RCIs introduce 
temporal uncertainty in addition to task uncertainty in cued task switching, it 
needs to be considered whether the observed RCI effects might be related to 
effects of temporal uncertainty. There is some evidence that relates general, 
non-specific preparedness to effects of temporal uncertainty, which is typically 
manipulated by variations of the interval between an uninformative warning 
signal and the target stimulus (“foreperiod”). However, this evidence comes 
either from simple reaction tasks (e.g., Niemi & Näätänen, 1981) or from choice 
tasks in single-task contexts (e.g., Los & Heslenfeld, 2005; Los & van den 
Heuvel, 2001), so that it is difficult to generalize these results to task-switching 
contexts. Possibly though, the RCI in task switching could be conceived of as 
being similar to a “foreperiod” during which subjects could prepare for the onset 
of the task cue. However, the literature on foreperiod effects in choice tasks 
shows that performance with mixed foreperiods is worse for short than for long 
foreperiods (see Los, in press, for a recent review), whereas the present results 
indicate the opposite effect on task-repetition RT. Thus, it seems as if the 
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findings of the studies on general preparedness as a function of temporal cues 
cannot be transferred to the present context. 
 
Moreover, in the context of task switching, it has been found that inserting 
warning signals prior to stimulus onset in predictable task sequences (Rogers & 
Monsell, 1995) or prior to cue onset in random task sequences (Meiran, Chorev, 
et al., 2000; see also Meiran & Chorev, 2005) had only rather small effects that 
were attributed to increased general preparation based on stimulus-induced 
shifts in phasic alertness (see, e.g., Meiran, Chorev, et al., 2000). Importantly, 
the observed general preparation effects were not significantly different for task 
switches and repetitions. 
 
Nevertheless, the results of Altmann’s (2005) study might be taken to suggest 
that temporal predictability mediates the influence of RCI in task switching. To 
reiterate, when using randomly varying (i.e., mixed) RCIs, he found decreased 
switch costs with increasing RCI, whereas performance generally improved with 
long RCI in both task switches and repetitions when RCI was varied between-
subjects (i.e., when RCI was constant and predictable across the entire 
experiment). The upcoming Experiments 3, 4 and 5 were aimed at further 
supporting the temporal distinctiveness account by examining the relation of 
RCI effects to temporal predictability. 
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7.3  Experiment 3 
Experiment 3 was run to examine the role of temporal uncertainty by comparing 
RCI effects when RCI was blocked (i.e., predictable) with that when RCI was 
random (unpredictable) in a within-subjects design. To this end, subjects 
performed all three conditions (blocked-short RCI, blocked-long RCI, and 
random RCI) in counterbalanced order. It was predicted that the pattern of RCI 
effects observed by Altmann (2005) could be shown also in the present within-
subject design. 
 
However, note that differences in the type of RCI variations are critically 
associated with systematic differences in the sequence of RCIs. In blocked RCI 
conditions, the RCI in trial n is always identical with the RCI in trial n-1, whereas 
this is not necessarily the case in mixed RCIs. Therefore, blocked vs. random 
RCIs differ not only with respect to temporal predictability but also with respect 
to sequential RCI transitions. This feature of the present manipulation allowed 
to further distinguish between predictions of decay accounts and predictions 
derived from our temporal distinctiveness account. 
 
According to the assumption of task-set decay during the RCI, task-repetition 
RT should increase with lengthened RCI regardless of type of RCI 
manipulation. In contrast, the temporal distinctiveness account would predict 
that there should be only little performance differences between blocked long 
and blocked short RCI because these conditions do not differ in terms of 
temporal distinctiveness. On the contrary, the mixed RCI condition introduces 
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marked differences in temporal distinctiveness as defined by differences in RCI 
ratio (see Figure 9). Particularly, the observed RCI effect on task-repetition RT 
should be much stronger when the RCI changed from the previous to the 
current trial than when the RCI remained unchanged. This prediction seems to 
be unique to the temporal distinctiveness account of RCI effects in task 
switching. 
 
7.3.1  Method 
Subjects 
Twelve new subjects (7 female, 5 male; mean age = 25.6 years) were tested 
and participated for course credit.  
 
Stimuli, Apparatus, Procedure, and Design 
Task, stimuli, and cues were identical to Experiments 1 and 2. Two levels of 
RCI were used (100 ms vs. 1000 ms). In some blocks, the RCI was mixed, 
whereas in other blocks the RCI was held constant. Hence, there were three 
different types of blocks, namely mixed blocks (100 ms vs. 1000 ms), blocked 
100 ms (constant short block), and blocked 1000 ms (constant long block). The 
experiment comprised 4 blocks (short, long, and two mixed blocks). A block 
consisted of 96 trials. The order of blocks was counterbalanced across subjects, 
with the constraint that the two mixed blocks were always kept together. 
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7.3.2 Results 
The analysis proceeded as in Experiments 1 and 2. The first two trials of each 
block were discarded from analysis. Only trials preceded by at least one correct 
trial were included. Additionally, trials with an RT above 2500 ms were 
discarded as outliers (< 1%). RTs and error rates for Experiment 3 are depicted 
in Figure 12. 
 
 
Figure 12: RT and error rate in Experiment 3 as a function of task transition and 
response-cue interval (RCI) for mixed RCI (left panel) and blocked RCI (right panel). 
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First, the effect of type of RCI manipulation (blocked vs. mixed) was analyzed. 
Then, the result section focuses on the mixed blocks and reports effects of RCI 
transition (changed RCI vs. unchanged RCI), from now on referred to as RCI 
change. 
 
To examine the influence of type of RCI manipulation, a three-way ANOVA on 
RT data with the within-subject variables task transition (repetition vs. switch), 
RCI (100 ms vs. 1000 ms), and block type (blocked vs. mixed RCI) was 
conducted. 
 
The analysis revealed a significant main effect of task transition, F(1, 11) = 
73.19, MSE = 10070, p = .001, indicating that RTs for task switches were longer 
than for task repetitions (919 ms vs. 744 ms). The main effect of block type was 
not significant (F < 1), but the main effect of RCI was close to significance, F(1, 
11) = 4.57, MSE = 9765, p = .056. The interaction of task transition and RCI 
was significant, F(1, 11) = 5.34, MSE = 5715, p = .041, with short RCI resulting 
in higher switch costs compared to long RCI (210 ms vs. 140 ms). 
 
There was no significant interaction of block type and task transition, F < 1. 
Importantly, however, the interaction of RCI and block type was significant, F(1, 
11) = 14.46, MSE = 11458, p = .003. With mixed RCIs, subjects responded 89 
ms faster at the short RCI than at the long RCI, whereas with blocked RCI, 
subjects responded 76 ms more slowly at the short RCI relative to the long RCI. 
Moreover, the three-way interaction of task transition, RCI, and block type was 
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almost significant F(1, 11) = 4.21, MSE = 1564, p = .065. A post-hoc analysis of 
RT on the blocks with mixed RCI showed a significant RCI effect on switch 
costs, F(1, 11) = 9.86, MSE = 3317, p = .009, whereas the same analysis for 
the blocked RCIs revealed no significant effect of RCI on switch costs, F(1, 11) 
= 1.10, MSE = 3961, p = .316. 
 
The three-way ANOVA on the error rates revealed a significant effect of task 
transition, F(1, 11) = 21.27, MSE = 18, p = .001. No other main effect or 
interaction was significant, Fs < 1. 
 
In sum, these data of Experiment 3 replicate the findings of Altmann (2005) 
using a within-subjects comparison of predictable (blocked) and unpredictable 
(random, mixed) RCIs. It is interesting to note that Meiran, Chorev, et al. (2000, 
Experiment 1), using their spatial judgment tasks, compared the RCI effect in a 
group with blocked RCIs to that in a group with randomized RCIs. Like in the 
present Experiment 3, these authors found that the decrease of switch costs 
was numerically much smaller with blocked RCI than with random RCI, and also 
the increase of task repetition RT with increasing RCI was smaller with blocked 
RCI. However, the authors did not report the result of this focused comparison 
because there was also a third group, and the overall interaction of task 
transition, RCI, and group (with three levels) was not significant. One can take 
the numerical data pattern of the comparison between blocked and random 
RCIs in Meiran, Chorev, et al.’s (2000) Experiment 1 as supporting the present 
data (and that of Altmann, 2005), but one can only speculate why this was not 
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significant in Meiran, Chorev, et al.’s (2000) study. Perhaps the statistical power 
(with n = 10 in each of the groups) was not high enough to detect the existing 
differences in a between-subjects design, or, alternatively, inclusion of the third 
group might have obscured the existing difference between blocked and 
random RCI groups. 
 
Having established that RCI effects are most pronounced when RCI varied 
randomly and was thus temporally unpredictable,  the focus is now on effects of 
RCI change in the mixed RCI condition. To examine effects of RCI change 
(changed RCI vs. unchanged RCI) in the mixed RCI blocks, a separate three-
way ANOVA was conducted with the independent variables of task transition, 
RCI, and RCI change (see Figure 13). To avoid redundancy, only the relevant 
interactions including the RCI change variable will be reported. The first 
interaction to mention is the significant interaction of RCI and RCI change, F(1, 
11) = 14.89, MSE = 4982, p = .003, indicating that RT increased with increasing 
RCI with changed RCI (783 ms vs. 877 ms), whereas with unchanged RCI, RT 
slightly decreased with increasing RCI (836 ms vs. 819 ms). However, this 
interaction was qualified by a significant three-way interaction of task transition, 
RCI, and RCI change, F(1, 11) = 16.46, MSE = 2212, p = .002. 
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Figure 13: RT and error rate in Experiment 3 in mixed response-cue interval (RCI) 
blocks as a function of task transition and RCI, separately for changed RCI (left panel) 
and unchanged RCI (right panel). 
 
The three-way interaction reflected the following pattern. When the RCI 
changed (Figure 13, left panel), switch costs decreased with increasing RCI 
(264 ms for the short RCI vs. 86 ms for the long RCI), which was, again, almost 
exclusively due to an increase in task repetition RT. In contrast, with unchanged 
RCI (Figure 13, right panel), switch costs were not significantly affected by RCI 
(197 ms for the short RCI vs. 176 ms for the long RCI). 
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In the error data, the same analysis revealed no significant interactions with the 
RCI change variable: task transition and RCI change F(1, 11) = 1.86, MSE = 34, 
p = .200, RCI and RCI change F(1, 11) = .25, MSE = 25, p = .626, task 
transition, RCI, and RCI change F(1, 11) = .44, MSE = 10, p = .522.  
 
The observed pattern of RT data suggests, once more, that task repetition 
performance is not a function of the absolute duration of the RCI but rather 
depends on the relation of the current RCI to the preceding RCI. Temporal 
distinctiveness is defined as the ratio between the current and the preceding 
RCI and one can conclude that temporal distinctiveness seems to be the major 
force driving RCI effects, whereas decay cannot account for this complex data 
pattern. 
 
7.3.3 Discussion 
Taken together, Experiment 3 manipulated mixed vs. blocked RCI in a within-
subject design. In line with the results of Altmann’s (2005) manipulation of RCI 
between subjects, the present experiment produced the same pattern of results. 
No statistically significant RCI effect on switch costs was found in blocks with 
constant RCI, but a there was a significant effect on switch costs in blocks with 
mixed RCI. This finding of different effects of RCI depending on the design does 
not support the decay hypothesis, which would have predicted comparable 
effects of RCI on switch costs in mixed and constant RCI blocks. In contrast, the 
idea of temporal distinctiveness is in line with the present results, since only 
changing RCI within a block result in varying levels of temporal distinctiveness 
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and thus varying probabilities of episodic task retrieval. This conclusion was 
further confirmed by the results of the RCI change analysis in the mixed block. 
An effect of RCI on switch costs was found mainly in RCI changes, whereas 
with unchanged RCI there was hardly any effect on switch costs. 
 
7.4 Experiment 4 
The results of Experiment 3 suggested that an RCI change within a block 
determines the effect of RCI. However, it is important to note that the differential 
effect of changed vs. unchanged RCI in mixed blocks occur in the context of 
complete temporal uncertainty because the RCIs were not predictable. Hence, 
to further disconfirm the idea that RCI effects can be related to differences in 
general preparation based on temporal uncertainty (as discussed for 
Experiments 1 and 2), temporal predictability was manipulated in mixed blocks. 
 
Specifically, the aim of Experiment 4 was to differentiate between the influence 
of predictability of RCI and the influence of RCI change within a block. To this 
end, RCI predictability was manipulated in mixed RCI blocks. Blocks with 
unpredictable RCI represented exact replications of the mixed RCI blocks in 
Experiment 3. In contrast, in blocks with predictable RCIs, short and long RCI 
followed a predictable pattern (i.e., short, short, long, long, etc.). 
 
If temporal predictability of the RCI was critical for the performance difference 
between blocked and mixed RCI in Experiment 3, the pattern of results in the 
predictable RCI blocks of Experiment 4 should be similar to that found with the 
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blocked RCI in Experiment 3. If, however, RCI changes were critically relevant 
and temporal (un)predictability of RCI plays no substantial role, the pattern of 
results in the predictable RCI blocks of Experiment 4 should resemble that 
found in the mixed RCI blocks of Experiment 3. 
 
7.4.1 Method 
Subjects 
Twelve new subjects (10 female, 2 male; mean age = 23.5 years) were tested 
and participated for course credit. 
 
Stimuli, Apparatus, Procedure, and Design 
Task, stimuli, and cues were identical to the previous experiments. With regard 
to RCI predictability, two types of blocks were introduced. Predictable RCI 
blocks consisted of RCIs of 100 ms vs. 1000 ms, which were presented in a 
fixed order: two short (resp. two long RCIs) were followed by two long RCIs 
(resp. two short RCIs) throughout a whole block. Subjects were informed about 
the predictable sequence of the RCIs and were encouraged to use this 
knowledge for preparation. Blocks with unpredictable RCIs were identical to the 
blocks with mixed RCIs in the previous experiments. The order of predictable 
RCI blocks and unpredictable RCI blocks was counterbalanced across subjects. 
Temporal predictability (predictable RCIs vs. unpredictable RCIs), task 
transition (repetition vs. switch), RCI (100 ms vs. 1000 ms), and RCI change 
(changed RCI vs. unchanged RCI) were the independent variables.  
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7.4.2  Results 
Like in the previous experiments, the first two trials of each block were 
discarded from analysis, as were trials with RTs above 2500 ms (< 2%). For RT 
analysis only correct trials preceded by at least one other correct trial were 
included. RT and error data are shown in Figure 14, which depicts RTs 
separately for unpredictable RCI (left panel) and predictable RCI (right panel) as 
a function of task transition and RCI, and each separately for changed RCI and 
unchanged RCI. 
Figure 14: RT and error rate as a function of task transition and response-cue interval 
(RCI), separately for unpredictable RCI (left panel) and predictable RCI (right panel) in 
Experiment 4, and each separately for changed RCI (inner left panel) and unchanged 
RCI (inner right panel). 
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These data were submitted to an ANOVA with the independent variables of 
temporal predictability, task transition, RCI, and RCI change. In the RT data, 
there was a significant main effect of task transition, F(1, 11) = 21.37, MSE = 
60095, p = .001, with longer RTs for switch trials than for repeat trials (930 ms 
vs. 766 ms). The effect of RCI also proved reliable, F(1, 11) = 7.87, MSE = 
27978, p = .017, with higher RT for the 1000 ms RCI than for the 100 ms RCI 
(882 ms vs. 814 ms). The interaction of RCI and task transition was significant, 
F(1, 11) = 20.75, MSE = 12674, p = .001, indicating that switch costs decreased 
as a function of increased RCI (238 ms for the 100 ms RCI vs. 90 ms for the 
1000 ms RCI). 
 
Moreover, there was also a significant interaction of RCI and temporal 
predictability, F(1, 11) = 8.84, MSE = 7087, p = .013, indicating that there was a 
larger effect of increasing RCI when the RCI was predictable (837 ms vs. 940 
ms) than when the RCI was unpredictable (792 ms vs. 824 ms). 
 
Importantly, there were again sequential effects of RCI. The main effect of RCI 
change was significant, F(1, 11) = 8.12, MSE = 11497, p = .016, with changed 
RCI leading to higher RTs than unchanged RCI (870 ms vs. 826 ms). However, 
this main effect was qualified by a significant interaction of RCI and RCI 
change, F(1, 11) = 13.86, MSE = 11072, p = .003, which reflected that RTs 
increased substantially with prolonged RCI with changed RCI (808 ms vs. 932 
ms), whereas with unchanged RCI there was only a very small increase of RTs 
with increased RCI (821 ms vs. 831 ms). 
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Additionally, the three-way interaction of task transition, RCI, and RCI change 
was significant, too, F(1, 11) = 7.69, MSE = 12879, p = .018, replicating the 
interaction already observed in Experiment 3. This three-way interaction 
indicated that with changed RCI the effect of increasing RCI on switch costs 
was much larger (272 ms vs. 33 ms for RCIs of 100 ms vs. 1000 ms, 
respectively) relative to trials with unchanged RCI (203 ms vs. 145 ms). This 
three-way interaction was not significantly modulated by temporal predictability. 
That is, the four-way interaction was not significant, F(1, 11) = 2.46, MSE = 
6746, p = .145, thus disconfirming the idea that the data pattern observed in the 
mixed blocks in Experiment 3 was essentially caused by effects of temporal 
uncertainty, because the same data pattern was found in a condition with 
complete temporal predictability. 
 
The effect of the present manipulation of temporal predictability was not nil 
though. Apart from the interaction with RCI already mentioned above, there was 
also a significant three-way interaction of RCI, RCI change, and temporal 
predictability, F(1, 11) = 5.43, MSE = 4714, p = .040. This interaction reflects 
the fact that the finding of a larger RCI effect in changed RCI relative to 
unchanged RCI was more accentuated with predictable RCIs than with 
unpredictable RCIs. In fact, the non-significant trend for a four-way interaction 
including the task transition variable (mentioned above) seems to suggest that 
the effect of RCI change on the interaction of RCI and task transition was even 
more pronounced with predictable RCIs than with unpredictable RCIs, which 
clearly speaks against any account relating the theoretically relevant RCI effect 
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(i.e., increase of task repetition RT with increasing RCI) to temporal 
unpredictability in mixed blocks.  
 
In the error data, there was a significant effect of task transition, F(1, 11) = 
11.65, MSE = 74, p = .006, showing higher error rates in task-switch trials than 
in task-repetition trials (10% vs. 5.9%). No other main effect was significant. The 
interaction of task transition and RCI change was the only significant interaction, 
F(1, 11) = 5.74, MSE = 13, p = .035. In task-repetition trials, errors were more 
frequent with changed RCI than in unchanged RCI trials (6.3% vs. 5.4%). In 
task-switch trials, the pattern was reversed, with more errors with unchanged 
RCI trials than with changed RCI trials (11% vs. 9.3%). The effect of repeating 
RCI seems to be beneficial when the task repeats as well, whereas with a task 
switch a repetition of the previous RCI worsens performance. There is no ready 
explanation for this specific effect but should be noted that this interaction was 
not significant in any of the other experiments reported in this study. 
 
7.4.3 Discussion 
Taken together, Experiment 4 was conducted to further test the influence of RCI 
change and its possible relation to temporal uncertainty. To this end, the 
predictability of RCIs was manipulated. In the unpredictable RCI blocks, the 
pattern of results replicates the findings of the mixed blocks of Experiment 3, 
which is a decrease of switch costs with increasing RCI that is found primarily 
when the RCI changed. In blocks with predictable RCIs, the data pattern was 
very similar, yet the size of effects was even enhanced. Thus, unpredictability of 
 
82 EXPERIMENT 4 
RCI, which increased temporal uncertainty in comparison to predictable RCIs, 
does not seem to be the driving factor for the present data pattern. 
 
Note that the observed data pattern is again difficult to reconcile with a decay 
account, whereas it is largely consistent with the account that episodic task 
retrieval in task repetitions is modulated by temporal distinctiveness. The 
current effect of RCI predictability served to disconfirm any doubt that the critical 
effects reported in the present study were exclusively related to some unknown 
interaction with temporal uncertainty in mixed RCI blocks, but the fact that the 
data pattern was even somewhat more pronounced with temporal predictability 
is not difficult to reconcile with the temporal distinctiveness account. The 
instruction to attend to the sequence of RCI may have also increased the 
tendency to process the relations between RCIs, thereby possibly increasing 
the relative weight of temporal distinctiveness in episodic task retrieval, which 
mediates the task-repetition priming. If so, this would suggest that the effect of 
temporal distinctiveness on episodic retrieval is not entirely automatic, but the 
question as to the degree to which this effect can be modulated by explicit 
strategies cannot be conclusively answered based on the present data. 
 
In any case, the data presented so far clearly suggest that the “standard” RCI 
effect that was taken as the empirical signature of task-set decay (i.e., decrease 
of switch costs with increasing RCI) critically depends on the influence of three 
factors. First, the RCIs have to be mixed within a block; second, the influence of 
RCI manipulations depend on the type of task transition (i.e., it mainly occurs in 
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task repetitions); and third, this influence is observable only when the RCI 
changes from the previous trial to the current trial. Together, these results 
challenge the task-set decay hypothesis, whereas they are largely consistent 
with the idea that temporal distinctiveness modulates episodic retrieval in task 
repetitions. In the next experiment, the issue of what is actually the target 
representation of the assumed episodic retrieval process is further explored. 
 
7.5 Experiment 5 
An implicit theoretical assumption of the present paper has been so far that RCI 
effects in task switching refer to episodic retrieval of the task set. However, in 
the task-cuing paradigm, the contrast between task repetitions and task 
switches is associated with both the transition of the task and transition of the 
cue, with both repeating on repetition trials and changing on switch trials (Logan 
& Bundesen, 2003; Mayr & Kliegl, 2003). 
 
Against this methodological background (see section 5.3.2), the RT difference 
between repetition trials and switch trials could reflect a benefit of cue repetition 
as well as a benefit of task repetition. To test this hypothesis, Logan and 
Bundesen (2003, 2004; see also Mayr & Kliegl, 2003) conducted a study in 
which subjects were given two cues for each task. Two tasks and two cues per 
task produce three kinds of transitions: cue repetitions (which include task 
repetitions, too), cue switches associated with task repetitions, and task 
switches (which include cue switches, too). 
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This procedure renders it possible to distinguish effects of the benefit of 
repeating a cue (cue-repetition effects) from effects based on the benefit of 
repeating a task (task-repetition effects). Logan and Bundesen (2003) found a 
large performance advantage for cue repetitions relative to task repetitions and 
suggested that this difference in RT reflects cue-encoding benefits. According to 
this suggestion, performance differences between task repetitions and task 
switches are linked to some degree to the representation of the cue on the 
previous trial and not to the representation of the previous task (see, e.g., 
Altmann, 2006; Arrington & Logan, 2004; Forstmann, Brass, & Koch, 2007; 
Monsell & Mizon, 2006; Schneider & Logan, 2005, for discussion). Hence, it is a 
theoretically relevant issue to examine whether manipulations of RCI 
differentially influence cue repetitions and task repetitions. 
 
Experiment 5 was aimed to isolate the task set as the target of episodic 
retrieval. The entire logic of our account is that temporal distinctiveness 
modulates episodic retrieval in memory and that it is the cue that triggers this 
retrieval. In contrast to the task set, which is a memory construct, the cue itself 
is a perceptual stimulus. Previous work using the 2:1 cue-to-task mapping 
procedure has already convincingly shown that there is a cue-repetition benefit 
(of varying size) that can be attributed to perceptual priming, but it is not clear 
why this priming should be modulated by temporal distinctiveness. In fact, it is 
not unrealistic to assume that perceptual priming is indeed subject to decay 
processes, and this idea is implemented in the model proposed by Schneider 
and Logan (2005). 
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Based on the present episodic task retrieval account, it was predicted that the 
RCI effect on the task-repetition benefit (i.e., the contrast between task 
repetitions and task switches) would be strongly influenced by temporal 
distinctiveness, whereas this account does not allow predictions for the RCI 
effect on the cue-repetition benefit (i.e., the contrast between cue repetitions 
and task repetitions). Arguably, if perceptual cue priming decays, then this 
should be observable in the form of RCI effects that were not modulated by 
temporal relations between consecutive RCIs. 
 
7.5.1 Method 
Subjects 
Twenty-four subjects (20 female, 4 male; mean age = 24.08 years) were tested 
and took part for course credit. The data of one subject was discarded from 
analysis because of high error rates (> 18%).  
 
Stimuli, Apparatus, Procedure, and Design 
The difference to the previous experiments was that subjects were provided 
with two different cues per task instead of one. For the type task, the two cues 
were a hash sign and an asterisk sign. For the color task, small squares in 
yellow and green were used as cues. Transition (i.e., cue repetition, task 
repetition, and task switch) was the one independent variable, with the following 
probability of the three kinds of transition: Cue repetitions and task repetitions 
occurred with 25% probability each vs. 50% probability for task-switch trials. In 
other words, half of the trials within a block were task repetitions and half of the 
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trials were task switches. The presence of three kinds of transitions allows to 
look at two different separate contrast. First, the task-repetition contrast, which 
presents the comparison between task repetitions vs. task switches, and 
second, the cue-repetition contrast, which represents the comparison between 
cue repetitions vs. task repetitions. RCI (100 ms vs. 1000 ms) was varied 
randomly within blocks and served as the second within-subject independent 
variable. RCI change (changed RCI vs. unchanged RCI) was a further 
independent variable.  
 
7.5.2 Results 
The RT analysis was proceeded as in Experiments 1-4. The first two trials in 
each block were discarded. For RT analysis, all errors and trials preceded by an 
error were excluded. RTs exceeding 2500 ms were discarded as outliers (< 
2%). Figure 15 shows mean RT and error rate as a function of transition, RCI, 
and RCI change. These data were submitted to an ANOVA with the 
independent variables of transition, RCI, and RCI change.  
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Figure 15. RT and error rate in Experiment 4 as a function of transition (cue repetition, 
task repetition, task switch) and response-cue interval (RCI), separately for changed 
RCI (left panel) and unchanged RCI (right panel). 
 
There was a main effect of transition, F(2, 44) = 87.10, MSE = 17551, p = .001, 
indicating the highest RTs for task switches (1029 ms), followed by RTs for task 
repetitions (829 ms) and cue repetitions (778 ms). There was also a significant 
effect of RCI, F(1, 22) = 20.83, MSE = 11981, p = .001, indicating longer RTs 
for the long RCI than for the short RCI (912 ms vs. 852 ms). There was also a 
significant main effect of RCI change, F(1, 22) = 10.42, MSE = 3617, p = .004, 
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indicating longer RTs with changed RCI than with unchanged RCI (894 ms vs. 
871 ms). 
 
The interaction of RCI and RCI change was significant, F(1, 22) = 14.44, MSE = 
5458, p = .001. This interaction showed that RTs increased with increasing RCI 
primarily with changed RCI (847 ms vs. 941 ms), whereas this effect was much 
smaller with unchanged RCI (858 ms vs. 884 ms). There was also a significant 
interaction of transition and RCI, F(2, 44) = 13.61, MSE = 3252, p = .001, 
indicating that RTs for all transitions were longer for RCI 1000 than for RCI 100, 
but the beneficial influence of a short RCI was numerically largest in cue 
repetitions (105 ms), and decreasing over task repetitions (60 ms) to task 
switches (17 ms). The interaction of transition and RCI change was not 
significant, F(2, 44) = 1.35, MSE = 2388, p = .270. Importantly though, the 
three-way interaction between transition, RCI, and RCI change proved 
significant, F(2, 44) = 3.46, MSE = 4316, p = .040. 
 
To follow up this three-way interaction, separate non-orthogonal 2(transition) x 
2(RCI) x 2(RCI change) analyses were run for the task-repetition contrast (i.e., 
task repetition vs. task switch) and for the cue-repetition contrast (i.e., cue 
repetition vs. task repetition). 
 
For the task-repetition contrast, the ANOVA revealed significant effects of 
transition, F(1, 22) = 94.02, MSE = 19550, p = .001, RCI, F(1, 22) = 7.07, MSE 
= 9462, p = .014, and RCI change, F(1, 22) = 11.47, MSE = 3643, p = .003. 
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Furthermore, the interaction of transition and RCI, F(1, 22) = 8.18, MSE = 2655, 
p = .009, and of RCI and RCI change also proved significant, F(1, 22) = 5.86, 
MSE = 5502, p = .024. The interaction of transition and RCI change was not 
significant, F < 1, but importantly, the three-way interaction of transition, RCI, 
and RCI change was again significant, F(1, 22) = 5.09, MSE = 4413, p = .034. 
This interaction indicates that with changed RCI there was increase of task 
repetition RT (and a concomitant decrease of switch costs) with increasing RCI 
(switch costs of 245 ms with short RCI vs. switch costs of 158 ms with long 
RCI). In contrast, with unchanged RCI there was no significant effect of RCI on 
switch costs (198 ms vs. 199 ms for short and long RCI, respectively). This 
result nicely replicates our previous findings and is fully in line with the present 
temporal distinctiveness account proposing that episodic task retrieval is 
modulated by RCI relations rather than by absolute RCI durations. 
 
For the cue-repetition contrast, the ANOVA revealed significant main effects of 
transition, F(1, 22) = 19.81, MSE = 3914, p = .001, RCI, F(1, 22) = 34.95, MSE 
= 8851, p = .001, and RCI change, F(1, 22) = 4.36, MSE = 3875, p = .049. The 
interaction of RCI and RCI change was significant, F(1, 22) = 19.33, MSE = 
5599, p = .001, as was the interaction of transition and RCI, F(1, 22) = 6.71, 
MSE = 3364, p = .017, suggesting a stronger RCI effect for cue repetitions than 
for task repetitions. However, unlike in the task-repetition contrast, the three-
way interaction between transition, RCI, and RCI change was clearly non-
significant, F < 1, suggesting that the cue-repetition benefit was not differentially 
modulated by RCI change. 
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To summarize the RT data, the findings of the present experiment suggest that 
the RCI effect on the task-repetition benefit is clearly modulated by temporal 
distinctiveness, whereas the cue-repetition contrast is affected by RCI 
independently from the preceding RCI, which would be more consistent with a 
decay account. 
 
In the analysis of the error data, the ANOVA revealed a significant main effect 
of transition, F(2, 44) = 10.47, MSE = 13.27, p = .001, with less frequent errors 
for task repetitions (4.1%), followed by cue repetitions (4.7%) and task switches 
(6.5%). The main effect of RCI was also significant, F(1, 22) = 6.55, MSE = 21, 
p = .018. The main effect of RCI change did not reach significance, F(1, 22) = 
2.31, MSE = 9, p = .143, and the only significant interaction was that of 
transition and RCI, F(2, 44) = 5.87, MSE = 5.3, p = .005, with the smallest RCI 
effect in task switches (i.e., an increase in the error rate of 0.6% from short to 
long RCI), intermediate RCI effect in task repetitions (0.9%), and largest RCI 
effect in cue repetitions (3%). All other interactions were non-significant, Fs < 1. 
 
7.5.3 Discussion 
Note that unlike in the RT data the error rates suggest that RCI has the stronger 
effect on cue repetitions than on task repetitions. Further, this effect did not 
depend on RCI change, so that the RT pattern for the task repetition contrast is 
not fully supported by the error data. However, the pattern of the error rates 
seems somewhat noisier than in the previous experiments and thus more 
difficult to interpret than the RT data. In the RT data, the RCI effect on switch 
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costs (i.e., decreasing switch costs with increasing RCI) was strongly modulated 
by RCI change, which is taken as evidence for the role of temporal 
distinctiveness in episodic retrieval of the task set. That is, it can be suggested 
that episodic task retrieval contributes to the task-repetition benefit and that this 
episodic task retrieval is most likely triggered by the cue. However, the 
probability of episodic task retrieval is not dependent on the repetition of the 
same cue as in the previous episode but only on the repetition of the same task 
set and the temporal distinctiveness of the previous task set. 
 
Yet, there was also evidence for benefits of cue-repetition priming, in line with 
the existing literature on this issue (e.g., Mayr & Kliegl, 2003; Monsell & Mizon, 
2006; Schneider & Logan, 2005), but this perceptual priming was apparently not 
modulated by temporal distinctiveness. It is tempting to speculate that cue-
repetition priming in fact decays as a function of time, whereas the task-
repetition benefit relies on episodic retrieval of a task set, which is modulated by 
temporal distinctiveness and interference rather than by decay (e.g., Oberauer 
& Lewandowsky, 2008, for a discussion in the context of memory research). For 
the present purpose though, it can simply be stated that, even though cue-
repetition priming undoubtedly plays a role, task-set repetition priming 
apparently plays a major role (Altmann, 2006), and the observed data pattern 
found in Experiments 1-4 was present in the task-repetition contrast in 
Experiment 5, too. Therefore, the General Discussion is primarily focused on 
task-repetition benefit in task switching and its possible relation to task-set 
decay.
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7.6 Experiment 6 
The following experiment addressed the question of which part of the task set is 
retrieved during episodic task retrieval. In Experiment 6 it was specifically 
examined whether the influence of RCI in cued task switching is related to 
retrieval on the level of Action-Set, in terms of response-related components of 
the task set (Meiran, 2000b). To this end, response valence was manipulated.  
 
As pointed out in the Introduction, until now, most studies on the role of 
response valence were mainly interested in preparation effects (e.g., Brass et 
al., 2003; Gade & Koch, 2007b; Luria & Meiran, 2003; Mayr, 2001; Meiran, 
2005; Yeung & Monsell, 2003) and did not address RCI effects (as manipulated 
by the cuing interval).  
 
The primary interest of the present experiment was the interaction between task 
transition, RCI, and RCI change, which represents an empirical marker of the 
influence of temporal distinctiveness as a function of response valence. In 
detail, it was tested whether this critical three-way interaction observed in the 
previous experiments would be differentially influenced by the manipulation of 
response valence. 
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7.6.1  Method 
Subjects 
Twenty subjects (18 women and 2 men, mean age = 22.6 years) were tested 
and either received 6 € or partial course credit.  
 
Stimulus and Apparatus 
Task, stimuli, and cues were identical to Experiments 1-4. With regard to 
response valence following manipulations were made. As response keys in the 
bivalent Action-Set condition, the left and right cursor-keys were used, which 
were to be pressed by the left and right index finger, respectively. As response 
keys in the univalent Action-Set condition, the keys “y” and “c” were to be 
pressed for responses in one task, whereas “b” and “m” were to be pressed for 
responses in the other task, with the index- and middle finder of the left or right 
hand, respectively (see Figure 5, section 3.3.1). The RCI was manipulated at 
two levels (50 ms vs. 1000 ms) within blocks.  
 
Procedure 
Instructions were given both on the monitor and orally. Subjects were informed 
that they would have to switch between two tasks, which would be indicated by 
cues. The instruction emphasized speed as well as accuracy.  
 
Then, subjects were informed about the first response setup (an instruction 
sheet concerning the mapping of the response keys remained in front of them 
throughout each response setup). The experiment started with a practice block 
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of 16 trials and four experimental blocks with the first response setup. Then, 
new instructions regarding the response keys were given, followed by a practice 
block for the new response setup and four according experimental blocks 
including 96 trials each. The order of bivalent and univalent responses was 
counterbalanced across subjects. The stimulus-response mapping for each 
condition was held constant for each individual subject but was 
counterbalanced across subjects. The sequence of trials was controlled for an 
equal number of each task, stimulus, and task transition (repetition vs. switch).  
 
Design 
The independent within-subject variables were task transition (repetition vs. 
switch), RCI (50 and 1000 ms), RCI change (unchanged RCI vs. changed RCI), 
and response valence (bivalent vs. univalent). The dependent variables were 
RT and error rate.  
 
7.6.2  Results 
RT and error data were submitted to separate repeated-measures analyses of 
variance (ANOVAs). RTs > 2500 ms were defined as outliers and dropped from 
the analysis (< 3%), as were the first two experimental trials in each block. For 
RT analysis, all errors and all trials immediately preceded by an error were 
discarded.  
 
First, the critical three-way interaction (task transition, RCI, and RCI change) 
was analyzed. Then, the result section focuses on whether this interaction is 
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differentially influenced by the manipulation of response valence, followed by a 
report of the remaining effects.  
 
In the RT data, the critical three-way interaction (independent from the valence 
manipulation) between task transition, RCI and RCI change was significant, F(1, 
19) = 14.25, MSE = 2916, p < .001, reflecting the following pattern: When the 
RCI changed (Figure 16, inner left panels), switch costs decreased with 
increasing RCI (317 ms for the short RCI vs. 184 ms for the long RCI). This 
decrease of switch costs was mainly due to an increase in task repetition RT. In 
contrast, with unchanged RCI (Figure 16, inner right panels), switch costs were 
significantly less affected by RCI (286 ms for the short RCI vs. 245 ms for the 
long RCI). Thus, effects of RCI on switch costs are mainly due to effects of 
changed RCI on task repetitions, as was found in the previous experiments of 
the present work. 
Figure 16. RT and error rate in Experiment 6 as a function of transition (cue repetition, 
task repetition, task switch) and response-cue interval (RCI), separately for changed 
RCI (left panel) and unchanged RCI (right panel). 
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The critical question for the present experiment was whether this three-way 
interaction would be influenced by response valence. Importantly, the four-way 
interaction between task transition, RCI, RCI change, and response valence 
was not significant, F(1, 19) = 1.184, MSE = 3228, p = .290, indicating 
comparable effects with bivalent and univalent responses (see Figure 16)  
 
Further significant interactions were found between task transition and RCI, F(1, 
19) = 18.638, MSE = 8129, p < .001 and between RCI and RCI change, F(1, 
19) = 75.99, MSE = 4528, p < .001. No further interaction reached significance, 
Fs < 2.245, p ≥ .15. Along with the mentioned significant interactions the 
following main effects were significant: task transition, F(1, 19) = 233.05, MSE = 
22836, p < .001, RCI, F(1, 19) = 15.87, MSE = 177557, p = .001, and RCI 
change, F(1, 19) = 21.17, MSE = 5041, p < .001. The effect of response 
valence was not significant, F < 1. 
 
In the error data (see Table 3), the critical three-way interaction between task 
transition, RCI, and RCI change was not significant, F < 1. The only significant 
effects were found for task transition, F(1, 19) = 26.71, MSE = 17.48, p < .001, 
and the interaction between task transition and RCI, F(1, 19) = 5.81, MSE = 16, 
p = .026. All other effects (including all effects of response valence) were not 
significant, Fs < 1.913, p < .183. 
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Table 3: Experiment 6: Mean error rates and standard deviations (in %) for bivalent 
and univalent responses as a function of task transition (switch vs. repetition), 
response-cue interval (RCI; 50 vs. 1000 ms), and RCI change (changed RCI vs. 
unchanged RCI). 
 
 Bivalent 
 Responses 
Univalent 
Responses 
 Changed 
RCI 
Unchanged 
RCI 
Changed 
RCI 
Unchanged 
RCI 
  50 1000 50  1000 50 1000 50  1000
 Task Transition M (SD) 
M
(SD) 
M
(SD) 
M
(SD) 
M
(SD) 
M 
(SD) 
M 
(SD) 
M
(SD) 
  
Switch 
8.0 
(5.0) 
7.8 
(6.3) 
8.2 
(6.2) 
8.6 
(6.5) 
8.0 
(6.7) 
7.1 
(5.0) 
7.7 
(5.6) 
6.5 
(6.2) 
Repetition 
4.5 
(4.8) 
5.9 
(5.0) 
5.6 
(4.2) 
6.5 
(5.2) 
4.0 
(6.3) 
6.6 
(4.3) 
3.8 
(3.1) 
5.5 
(5.3) 
 
 
7.6.3  Discussion 
In sum, in line with the results of the previous experiments of the present work, 
Experiment 6 again confirmed the influence of increasing RCI on the loss of the 
repetition benefit, mainly when the RCI changed from the previous to the 
current trial. Interestingly, the data of Experiment 6 showed that the pattern of 
RCI effects was comparable for bivalent and univalent responses. It is worth to 
point out that prior studies on response valence never manipulated RCI with a 
constant and short CSI, as was done in the present study. Rather, these studies 
were focused on effects of CSI manipulations (e.g., Brass et al., 2003; Meiran, 
2000a, 2000b). With long CSI, there is an effect of response valence on 
“residual switch costs”. These costs reflect a component of switch costs that 
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remains even after a long preparation interval (e.g., Meiran, Chorev, et al., 
2000). In comparison, the present data show that response valence has no 
major influence on performance when preparation time is very short. 
In light of temporal distinctiveness, the present results suggest that effects of 
RCI in episodic retrieval are probably not related to the retrieval of an Action-
Set.  
 
7.7  Experiment 7 
Since the data of Experiment 6 suggested that effects of RCI in episodic task 
retrieval are rather not related to the retrieval of response-related components, 
Experiment 7 was designed to examine whether the influence of RCI relates to 
the Input-Set, in terms of stimulus-related components of the task set (Meiran, 
2000b). To this end, performance with bivalent stimuli was compared with 
performance with univalent stimuli.  
 
As pointed out in the Introduction, previous research (e.g., Meiran, 2000b; 
Rogers & Monsell, 1995) has shown that switch costs are larger with bivalent 
compared to univalent stimuli. However, studies so far were focused on 
preparation effects and did not address RCI effects.   
 
As in Experiment 6, the primary interest of the present experiment was the 
interaction between task transition, RCI, and RCI change, which represents an 
empirical marker of the influence of temporal distinctiveness as a function of 
response valence. In detail, it was tested whether this critical three-way 
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interaction would be differentially influenced by the manipulation of stimulus 
valence. 
 
7.7.1  Method 
Subjects 
Twenty new subjects (9 women and 11 men; mean age = 23 years) were tested 
and either received 6 € or participated for course credit.  
 
Stimuli, Apparatus, Procedure, and Design 
Task, stimuli, and cues were identical to Experiment 6. With regard to stimulus 
valence, two types of stimuli were introduced (see Figure 4, section 3.3.1). 
Bivalent stimuli were identical to the stimuli in Experiment 1, with an “A” or a “4” 
in either red or blue. Stimuli in the univalent condition were an “A” or a “4” in 
white on a black background for the shape task, and diamonds in red or blue for 
the color task. The Action-Set was held constant and overlapping. As in 
Experiment 6, subjects performed the first half of the experiment with one 
stimulus condition, the second half with the other stimulus condition. The order 
of the bivalent vs. univalent stimulus condition was counterbalanced across 
subjects. As in Experiment 6, the two RCI levels were 50 ms and 1000 ms.  
 
7.7.2  Results 
Data analysis proceeded as in Experiment 6. RT and error data were submitted 
to separate ANOVAs, with the independent variables of task transition, RCI, 
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RCI change, and stimulus valence. RTs > 2500 ms were defined as outliers and 
dropped from the analysis (< 1%), as were the first two experimental trials in 
each block. For RT analysis, all errors and all trials immediately preceded by an 
error were discarded. Figure 17 shows RTs for Experiment 7, each separately 
for bivalent and univalent stimuli.   
 
Figure 17. RT and error rate in Experiment 7 as a function of transition (cue repetition, 
task repetition, task switch) and response-cue interval (RCI), separately for changed 
RCI (left panel) and unchanged RCI (right panel). 
 
As in Experiment 6, the results section starts with a report of the critical three-
way interaction as an empirical marker of temporal distinctiveness, followed by 
its possible modulation by stimulus valence. Then, the remaining effects are 
reported. 
 
In the RT data, the critical pattern of the three-way interaction of task transition, 
RCI, and RCI change was significant, F(1, 19) = 11.46, MSE = 2617, p = .003. 
The pattern of this interaction showed an effect of increasing RCI on switch 
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costs, mainly due to an influence on task repetitions with changed RCI, whereas 
with unchanged RCI there was no effect of increasing RCI on switch costs. This 
interaction represents a straight replication of the data of Experiments 1-6.  
Importantly, this three-way interaction between task transition, RCI, and RCI 
change was significantly influenced by stimulus valence. The four-way 
interaction between task transition, RCI, RCI change, and stimulus valence was 
significant, F(1, 19) = 5.39, MSE = 3855, p = .032, reflecting the following 
pattern. With bivalent stimuli (Figure 17, left panel) the following critical three-
way interaction was observable: switch costs decreased with increasing RCI, 
mainly with changed RCI (381 ms for the short RCI vs. 178 ms for the long 
RCI). In contrast, with unchanged RCI, switch costs were less affected by RCI 
(270 ms for the short RCI vs. 210 ms for the long RCI).  
 
In contrast, with univalent stimuli (Figure 17, right panel), there was a 
numerically much smaller decrease of switch costs with increasing RCI, both 
with changed RCI (switch costs of 130 ms vs. 51 ms, for the short and long RCI, 
respectively) and unchanged RCI (switch costs of 129 ms vs. 78 ms, for the 
short and long RCI, respectively). 
 
Further significant interactions were found between RCI and RCI change, F(1, 
19) = 83.96, MSE = 2335, p < .001, RCI, RCI change, and stimulus valence, 
F(1, 19) = 25.64, MSE = 1774, p < .001, task transition, RCI, and RCI change, 
F(1, 19) = 11.46, MSE = 2617, p = .003, and between task transition, RCI 
change, and stimulus valence, F(1, 19) = 6.23, MSE = 1264, p = .022. Along 
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with these interactions, there was a significant main effect of task transition, F(1, 
19) = 118.83, MSE = 21646, p < .001, RCI, F(1, 19) = 7.84, MSE = 8836, p = 
.011, and RCI change, F(1, 19) = 32.05, MSE = 2293, p < .001. The effect of 
stimulus valence was significant, F(1, 19) = 315.26, MSE = 46846, p < .001, 
indicating generally longer RTs with bivalent compared to univalent stimuli (942 
ms vs. 512 ms). 
 
Note that the RT level with bivalent stimuli is much higher than with univalent 
stimuli. This might invite the speculation that the critical four-way interaction 
between stimulus valence, task transition, RCI, and RCI change is mainly due 
to a scaling artifact. In order to rule out this possibility, two additional analyses 
were run. 
 
First, a specific contrast for univalent stimuli was run. The results revealed no 
significant three-way interaction between task transition, RCI, and RCI change, 
F < 1. The same analysis for the condition with bivalent stimuli revealed a 
significant three-way interaction between task transition, RCI, and RCI change, 
F(1, 19) = 8.824, MSE = 5707, p = .008. 
 
As a second analysis, proportional switch costs were calculated in order to take 
the difference in RT levels into consideration. To this end, the switch costs for 
each condition (e.g., bivalent stimuli, RCI 50, changed RCI) were computed and 
divided by the task repetition RT of the corresponding condition. Then, a three-
way ANOVA was run with the independent variables of RCI, RCI change, and 
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stimulus valence, and proportional switch costs as dependent variable. The 
results revealed a significant interaction between RCI, RCI change, and 
stimulus valence, F(1, 19) = 5.95, MSE = .022, p = .025, indicating a stronger 
effect of changed RCI with bivalent stimuli (proportional switch costs of 0.54 and 
0.19, for the short and long RCI, respectively) compared to univalent stimuli 
(proportional switch costs of 0.28 and 0.11, for the short and long RCI, 
respectively).  
 
In the error data (see Table 4), the critical three-way interaction between task 
transition, RCI, and RCI change was not significant, F < 1. There were 
significant effects of task transition, F(1, 19) = 25.699, MSE = 27, p < .001, and 
of stimulus valence, F(1, 19) = 19.214, MSE = 754, p < .001. Further, there was 
a significant interaction of RCI change and stimulus valence, F(1, 19) = 5.95, 
MSE = 22, p < .025, as well as between task transition, RCI, and stimulus 
valence, F(1, 19) = 6.047, MSE = 8, p < .024. No further main effect or 
interaction was significant, Fs < 2.793, p = .111.  
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Table 4: Experiment 7: Mean error rates and standard deviations (in %) for bivalent 
and univalent stimuli as a function of task transition (switch vs. repetition), response-
cue interval (RCI; 50 vs. 1000 ms), and RCI change (changed RCI vs. unchanged 
RCI). 
 
 Bivalent 
Stimuli 
Univalent 
Stimuli 
 Changed 
RCI 
Unchanged 
RCI 
Changed 
RCI 
Unchanged 
RCI 
  50 1000 50  1000 50 1000 50  1000
 Task Transition M (SD) 
M
(SD) 
M
(SD) 
M
(SD) 
M
(SD) 
M
(SD) 
M 
(SD) 
M 
(SD) 
 
 
Switch  
9.2 
(6.6) 
11.2 
(9.0) 
7.7 
(6.0) 
10.1 
(7.3) 
6.3 
(4.3) 
4.3 
(4.9) 
6.8 
(5.7) 
6.7 
(5.2) 
Repetition 
5.9 
(5.8) 
7.1 
(6.8) 
4.8 
(4.7) 
6.6 
(5.8) 
2.1 
(3.4) 
3.2 
(4.6) 
3.6 
(3.7) 
5.0 
(5.1) 
 
7.7.3  Discussion 
In sum, the results of Experiment 7 again showed that lengthening the RCI 
leads to a loss of repetition benefit, mainly when the RCI changed from the 
previous to the current trial. Interestingly, this effect of RCI was stronger with 
bivalent compared to univalent stimuli. The stronger effect with bivalent stimuli 
was also found based on proportional switch costs, thus ruling out a scaling 
artifact due to a higher RT level with bivalent stimuli. 
 
In light of temporal distinctiveness, the present results suggest that effects of 
RCI in episodic retrieval are probably related to the retrieval of stimulus-related 
components. 
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8  General discussion 
8.1  Synopsis of results 
The aim of the present study was to examine the hypothesis that decay of task-
set activation is responsible for the effect of response-to-cue interval (RCI) in 
cued task switching. The general idea of passive persistence in task-set 
activation is a major construct in many models of task switching (e.g., Allport et 
al., 1994). Rapid decay of this activation is an implicit assumption in some 
models of task switching, but the empirical evidence for RCI effects as a marker 
for rapid decay in particular is rather sparse (e.g., Meiran, Chorev, et al., 2000). 
The primary evidence for task-set decay comes from studies manipulating the 
RCI in the explicit cuing version of task switching. A literature review revealed 
that the existing data on RCI effects in task switching are neither consistent nor 
conclusive, and it was proposed that RCI effects could be better explained by 
assuming that a great part of the task-repetition benefit is driven by episodic 
task retrieval, which is modulated by temporal distinctiveness. The task-set 
decay hypothesis involves the effect of the passage of time in absolute terms, 
whereas the temporal-distinctiveness hypothesis focuses on temporal relations 
among the episodes to be retrieved. Temporal distinctiveness was operationally 
defined by the ratio between the current RCI and the preceding RCI. To 
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examine the relative validity of the task-set decay hypothesis and the temporal-
distinctiveness hypothesis, seven experiments were conducted. 
 
Experiments 1 and 2 set the stage for the present study and focused on the 
time course of RCI effects. Both experiments yielded decreasing switch costs 
with increasing RCI. This effect was almost entirely due to a decreasing task-
repetition benefit, suggesting loss of repetition priming as the primary source of 
the RCI effect. The slope of the RCI function was not constant but depended on 
the range of RCIs, and there was a correlation between temporal 
distinctiveness and the observed decrease of the task-repetition benefit.  
 
Experiment 3 was conducted to explore the role of temporal uncertainty in RCI 
effects. The expected RCI effect in blocks with mixed RCI was found, but there 
was no effect of RCI on switch costs in the blocked RCI condition. Detailed 
analyses of the mixed RCI condition data confirmed the important role of 
subsequent RCIs, revealing that the RCI effect occurred only with changed RCI, 
effecting temporal distinctiveness, whereas there were no substantial RCI 
effects with unchanged RCI, representing a constant temporal distinctiveness.  
 
Experiment 4 tested the role of temporal uncertainty by manipulating 
predictability of the sequence of RCIs. The results confirmed the importance of 
RCI changes for the decrease of the task-repetition benefit and revealed that 
the characteristic data pattern that was identified as the functional signature of 
temporal distinctiveness was somewhat more pronounced with temporal 
GENERAL DISCUSSION  109 
predictability. This latter finding also refuted the idea that temporal uncertainty 
could explain part of the RCI effects in mixed (i.e., random) RCIs. 
 
Experiment 5 used two cues per task and identified task repetition as the 
primary target of RCI effects. Measurable cue-repetition benefits suggested the 
additional contribution of perceptual priming, but there was no evidence that this 
priming effect depended on temporal distinctiveness, suggesting that temporal 
distinctiveness is unique to episodic task retrieval in task repetitions. 
 
To examine which part of the task set is retrieved during episodic retrieval, 
Experiments 6 and 7 referred to a current model of task switching which was 
introduced by Meiran (2000a, 2000b) and elaborated by Meiran et al. (2008). 
Within this model the task set is assumed to consist of an Action-Set (response-
related components) and an Input-Set (stimulus-related components). The 
Action-Set controls the representations of given responses in a task. The Input-
Set biases the mental representation of the relevant stimuli. 
  
Against this theoretical background, Experiment 6 examined the role of the 
Action-Set by manipulating response valence. Importantly, no influence of this 
manipulation on the above described specific pattern of RCI effects was found, 
indicating that the Action-Set plays no major role in RCI effects. 
 
In Experiment 7, the role of the Input-Set was examined by manipulating 
stimulus valence, while keeping responses constantly bivalent. As in 
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Experiment 6, the critical pattern of RCI effects could be found. However, it was 
also observed that RCI effects were greatly attenuated and almost disappeared 
with univalent stimuli. Differences in RT level between bivalent and univalent 
stimuli can be ruled out as explanations because additional analyses confirmed 
stronger effects of RCI with bivalent stimuli also based on proportional switch 
costs.  
 
In sum, the data indicate that (1) RCI effects on switch costs affect performance 
mainly in task repetitions, (2) RCIs have to vary within a block, and (3) the RCI 
effect on the repetition benefit critically depends on the relation between RCIs 
on successive trials. Together, these data pose a considerable challenge to 
task-set decay hypotheses. In contrast, these data are largely consistent with 
an alternative account assuming that episodic task retrieval in repetition trials is 
modulated by temporal distinctiveness.  
 
In addition, the results extend the account for RCI effects by providing the first 
empirical evidence regarding whether the Action-Set or Input-Set is retrieved 
during episodic retrieval. On the basis of the present results, it can be 
concluded (4) that the influence of RCI on task switching is linked to retrieval of 
stimulus-related task components rather than to response-related task 
components.  
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The next section focuses on the present temporal distinctiveness account for 
explaining RCI effects in task switching. Then, implications for existing theories 
of task switching will be discussed. 
 
8.2 A temporal distinctiveness account of episodic 
task retrieval 
Essentially all theories of task switching assume that task repetitions benefit 
from some kind of priming (e.g., Allport & Wylie, 2000; Altmann & Gray, 2008; 
Meiran, Chorev, et al., 2000; Schneider & Logan, 2005; Sohn & Anderson, 
2001; Yeung & Monsell, 2003). Priming is a memory phenomenon that denotes 
the facilitated access to a memory representation that has been activated 
previously (Baddeley, 2009). In line with the recent model proposed by Altmann 
and Gray (2008) the present work assumed that this priming is due to facilitated 
episodic retrieval of the previous task set. Therefore, performance in task 
repetitions is aided by priming. Since the present data consistently show that 
task switches are hardly influenced by RCI manipulations, it was supposed that 
in general the RCI is not linked to switch costs, but only to the repetition priming 
effect. Thus, performance in task switches is not effectively supported by 
priming of episodic retrieval.  
 
Based on these assumptions, it might at first glance seem obvious to explain 
decreasing task-repetition benefits with increasing RCI as the behavioral 
expression of decay of task set. This decay should in turn slow down the cue-
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triggered process of task-set retrieval. However, the present data challenge this 
explanation and suggest instead that the critical factor underlying the RCI effect 
is temporal distinctiveness rather than decay. 
 
Temporal distinctiveness is a concept used in research on memory for serial 
order (see, e.g., Brown, Neath, et al., 2007; Oberauer & Lewandowsky, 2008, 
for a recent review), which was invoked for the current study on task switching. 
Temporal distinctiveness refers to the temporal ratio between to-be-retrieved 
episodes. In the context of the cuing version of the task-switching paradigm, 
temporal distinctiveness was operationally defined as the ratio between the 
current RCI and the preceding RCI. This definition relies on the relation of 
subsequent RCIs rather than on their absolute duration (see Figure 9). The idea 
behind this operational definition of temporal distinctiveness is that it captures 
whether the preceding episodic activation of a task set (i.e., the n-1 episode) is 
temporally close to the current trial while also temporally distant from the n-2 
episode. In that case, the probability that the activated task set of the previous 
trial will facilitate cue-triggered task retrieval (encoding of a task code, in 
Altmann & Gray’s, 2008, terms) is very high, producing an additional repetition 
priming benefit. In contrast, when the previously activated task set is temporally 
distant from the current trial but close to the n-2 episode, then the two latter 
episodes tend to be crowded in memory, so that the probability of retrieving the 
n-1 episode in the current trial is decreased, reducing the repetition priming 
benefit.  
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Applying these assumptions to the present data yields an explanation for the 
major empirical observations. The temporal distinctiveness account predicts 
that the RCI effect should be very strong primarily with mixed RCIs, where there 
are different RCI changes and thus variations of temporal distinctiveness. This 
prediction is nicely borne out by the data of Experiment 3, showing decreasing 
repetition benefits only in mixed RCI conditions but not in blocked conditions, 
which confirms previous findings of Altmann (2005). 
 
However, the strongest evidence for the role of temporal distinctiveness comes 
from the analysis of RCI changes within mixed RCI blocks. Here it was found 
that RCI affects almost exclusively trials in which the RCI changed from the 
previous trial and thus changed temporal distinctiveness. With unchanged RCI, 
the absolute duration of the current RCI played only very little role. This pattern 
was observed in Experiments 3-7 and thus allows the conclusion that this is a 
replicable and robust pattern. The finding that the repetition benefit was not 
affected with unchanged RCI (or blocked RCI in Experiment 3) has an important 
theoretical implication. It implies that task-set activation does not decay as a 
mere function of time during the RCI. In the next the implications of this study 
on existing theories of task switching are discussed. 
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8.3 Theoretical implications for current theories of 
task switching 
As mentioned above, numerous theories of task switching assume that 
persisting activation of a previously executed task affects task repetitions (e.g., 
Allport & Wylie, 2000; Altmann & Gray, 2008; Meiran, Chorev, et al., 2000; 
Yeung & Monsell, 2003). Many theories of task switching further suggest that 
persisting task activation also affects task-switch trials. That is, these theories 
are based on the idea that task performance in a task switch is hindered by 
proactive interference (e.g., Allport et al., 1994; Altmann & Gray, 2008; Gilbert & 
Shallice, 2002; Masson, Bub, Woodward, & Chan, 2003; Mayr & Keele, 2000; 
Meiran et al., 2008; Yeung & Monsell, 2003; see Monsell, 2003, for a review). 
For example, Allport et al. (1994) invoked the notion of task-set inertia to explain 
the sometimes quite enduring interference effects in task switching (see also 
Masson et al., 2003). Asymmetries of switch costs when switching between 
tasks of different strength can be explained by assuming persisting activation of 
the preceding task set that interferes in a task switch (see Monsell et al., 2000; 
Yeung & Monsell, 2003, for discussion). Evidence for the persistence of task 
sets has also been found in functional imaging, suggesting that neural activation 
in task-related processing pathways and structures persists in a task switch and 
creates interference (e.g., Yeung et al., 2006). Thus, there is convincing 
evidence for the idea that task-set activation persists over time. 
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It is important to note that the assumption of persisting task activation often 
goes along with the additional assumption of activation decay (see, e.g., Allport 
et al., 1994; Altmann & Gray, 2008), but it is not strictly necessary to combine 
both processes. The results of the present study are consistent with the 
assumption of persisting task activation but also indicate that task-set decay is 
not a likely explanation for RCI effects in task switching.  
 
However, the claim that task-set decay is not a major factor in RCI effects does 
not deny the possibility that decay processes exist in task switching. In fact, 
decay processes seem to play a role, both on a different level and on a different 
time-scale. The present study suggests that decay of task set does not 
measurably occur during the RCI. However, in Experiment 5 it was found that 
the RCI effect in cue-repetition priming was not modulated by the RCI-change 
variable (i.e., RCI was effective also in trials with unchanged RCI), which would 
be consistent with the idea that cue representations decay rather quickly over 
time. Decay of cue representations is at the core of Schneider and Logan’s 
(2005) task switching model. However, the present data suggest that repetition 
priming of task sets does not decay over this relatively short time-scale. Thus, 
temporal distinctiveness seems to play a role in episodic task retrieval but 
apparently does not modulate perceptual priming. Hence, based on the data of 
Experiment 5 one might conclude that cue-repetition priming and task-repetition 
priming can be distinguished based on this differential RCI effect. Along these 
lines, the present data might challenge the model by Schneider and Logan 
(2005), who supposed that performance in cued task switching can be 
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explained by a compound cue retrieval of responses without assuming any 
distinct task representations in episodic memory. This assumption does not 
seem to be easily reconcilable with the present findings of the effect of RCI ratio 
on task switching, although there might be ways of accommodating these 
effects in the model. 
 
Thus, since the effect of RCI change was shown to be not cue specific but 
rather task specific, Experiments 6 and 7 aimed at exploring which part of the 
task set specifically plays a role for episodic retrieval. To this end, response 
valence and stimulus valence were independently manipulated. The results 
suggested that the influence of RCI in task switching is linked to stimulus-
related components, rather than to response-related components. An objection 
to the present interpretation of the results might refer to the manipulations which 
were used for the Action-Set, in which response valence and number of 
response alternatives are associated. In particular, the Input-Set both with 
bivalent and univalent stimuli consists of four physically defined stimuli (a red A, 
a red 4, a blue A, and a blue 4 vs. a white A, a white 4, a red diamond, and a 
blue diamond, for bivalent and univalent stimuli, respectively). For the Action-
Set, on the other hand, subjects select a response from either 2 keys (with 
bivalent responses) or 4 keys (with univalent responses). Thus, in Experiment 
6, in which the number of alternatives is linked to the valence of the responses, 
response selection should be more difficult with univalent responses compared 
to bivalent responses, since subjects have to choose between four response 
alternatives (two hands with two fingers each) vs. two response alternatives 
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(two fingers of one hand). If this response selection difficulty had an effect on 
general RT, one would expect higher RT for univalent responses compared to 
bivalent responses. It is a classic finding that RT increases as a function of the 
number of choice alternatives (Hick, 1952), which is typically explained by 
increased response selection difficulty (Sanders, 1998). With bivalent 
responses, however, interference on the level of task sets should be higher, 
which could have resulted in increased RT. The results in Experiment 6 showed 
comparable RT with univalent and bivalent responses. Along with the outlined 
theoretical considerations, the null effect of response valence in Experiment 6 at 
this point cannot be conclusively interpreted. It is conceivable that effects of 
response difficulty with univalent responses and effects of Action-Set 
competition have canceled each other out. Thus, the absence of the influence 
of the response valence in Experiment 6 should be regarded with caution at this 
point, as the influence of temporal distinctiveness on the Action-Set needs 
further empirical research.    
 
Claiming that task sets do not decay over the course of typical RCIs in cued 
task switching does not deny the existence of task-set decay processes on a 
different time-scale, however. In their original concept of task-set inertia, Allport 
et al. (1994) assumed that persisting task activation dissipates very slowly 
unless this activation is counteracted by performing a new task (see Allport & 
Wylie, 1999, for discussion). This concept is consistent with the present data. 
Note that the intertrial intervals in the present study were typically less than 2 
seconds. Thus, it can be claimed that there is hardly any measurable decay of 
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task set during this relatively short time period. This claim is not consistent with 
the interpretation of RCI effects as a general empirical signature of an 
underlying process of task-set decay (e.g., Koch, 2001; Meiran, Chorev, et al., 
2000), but it is strongly supported by the present data. 
 
Suggestive evidence for a more long-term decay has been reported by Altmann 
(see Altmann & Gray, 2008, for a recent review). The phenomenon of interest 
here is “within-run slowing”, which can be observed in longer runs of a task that 
are not interrupted by intervening cue presentations. In such runs, it is observed 
that performance slowly and gradually declines. According to Altmann and 
Gray, this is evidence for a functional decay process accompanying task 
performance in uncued runs, which serves to facilitate (or even enable) a 
subsequent shift of task set. It can be assumed that this phenomenon reflects a 
process of task-set decay over a longer time-course than observed here, so that 
the present data could be reconciled with the decay-based model of Altmann 
and Gray (2008). 
 
The implication of the present data, that task-set activation does not decay in 
measurable degrees within a trial, raises the issue of how proactive interference 
due to persisting activation of the previous task set can be overcome in a task 
switch. In a task switch, the new cue is encoded and serves to (re)activate the 
new task set. This cue-triggered activation process is well documented in 
studies manipulating the preparation time (i.e., the cuing interval; see, e.g., 
Meiran, Chorev, et al., 2000). Thus, activation of the current task set competes 
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with persisting activation of the preceding task set. It is possible that this 
competition is settled by a sort of lateral inhibition, so that activation of the new 
set takes away activation of the preceding set (e.g., Brown, Reynolds, & Braver, 
2007; Gilbert & Shallice, 2002), or by a more specific inhibition process that de-
activates the most competing task, which is usually the immediately preceding 
task (“backward inhibition”; see, e.g., Koch, Gade, Schuch, & Philipp, 2009; 
Mayr & Keele, 2000; Schuch & Koch, 2003). In that sense, inhibition might be 
involved in resolving trial-to-trial competition between task sets, whereas decay 
is more an architectural background process that “seems to complement 
effortful inhibitory processing in important functional way” (Altmann & Gray, 
2008, p. 605). Interestingly, the role of inhibition does not figure very 
prominently in existing computational models of task switching, so that the 
present findings might be useful for modelers in shaping future work that puts 
less emphasis on short-term decay of task sets. 
 
8.4 Open issues 
The work at hand has argued that the present data do not offer support for task-
set decay during the RCI, whereas the data seem to be well accounted for by 
assuming that episodic task-set retrieval is modulated by temporal 
distinctiveness, which is varied in changing RCIs. This novel account is largely 
consistent with existing data in the literature (e.g., Altmann, 2005). However, it 
appears to be inconsistent with findings by Koch (2001). As already described, 
RCI was manipulated between-subjects in that study, and the data showed that 
switch costs were smaller with long RCI than with short RCI, which was taken 
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as support of an assumed process of task-set decay. Note that the RCIs were 
constant for each individual subject in Koch’s (2001) study, so that the RCI 
manipulation did not affect temporal distinctiveness as defined in the present 
paper. To reconcile these data with the present account, one can speculate that 
decay of cue-repetition priming might have contributed to the observed RCI 
effects in the present experiments. In Koch’s (2001) study, subjects switched 
among three tasks, rather than between two tasks which might have influenced 
the priming level. It would certainly be interesting to examine the influence of 
number of tasks on task-set repetition priming in future studies. 
 
Another issue concerns the observation of generally decreased RTs with 
increased RCI in the blocked RCI condition of Experiment 3, which replicated 
Altmann’s (2005) findings observed in a between-subjects design. This finding 
certainly contradicts any prediction of a short-term decay account. However, 
while the constant size of the repetition priming effect in these conditions is fully 
consistent with the temporal-distinctiveness account, this in itself does not offer 
any basis for predicting this effect either. To explain this effect one can assume 
that performance is affected by temporal preparation when the RCI is 
predictably constant over a large number of trials, as is the case with blocked 
RCIs. Temporal preparation might thus become strategically involved with 
blocked or constant RCIs, whereas it plays only little role if the RCI remains 
unpredictably unchanged (as in the mixed RCI conditions in Experiments 3-4) or 
when predictable RCI changes alternate with unchanged RCI (as in the 
predictable RCI condition in Experiment 4). It is possible that a predictable long 
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RCI encourages preparation for the temporal onset of the upcoming stimulus 
(see, e.g., Los, in press, for a review). Note that this stimulus is the task cue in 
the present context, whereas studies on temporal preparation in single-task 
contexts typically vary the intervals between the response and the onset of the 
target stimulus (e.g., Los & van der Heuvel, 2001) or between cue and target in 
task switching studies (e.g., Meiran & Chorev, 2005), so that it is not easy to 
compare the effects of these different manipulations. Therefore, one can only 
speculate that predictable long RCIs resulted in generally facilitated cue 
processing, for both task switches and task repetitions alike (Meiran, Chorev, et 
al., 2000). Hence, while the temporal-distinctiveness account does not 
specifically predict this effect, it is also not damaged by its observation.  
 
It should also be noted that the present account, which refers to priming in cue-
triggered episodic task retrieval that is modulated by temporal distinctiveness, 
appears to fit the present data much better than the short-term decay account, 
but our account is not yet cast in terms of a formal model. For example, 
temporal distinctiveness was defined simply based on the relation of the current 
RCI to the preceding RCI, but it is possible that a mathematically more complex 
definition might be required if more quantitative predictions need to be derived. 
Given that the present task-switching paradigm differs substantially from 
experimental paradigms typically used in research on temporal distinctiveness 
in serial memory (see, e.g., Brown, Neath, et al., 2007; Neath & Surprenant, 
2003), a simple transfer of a formal definition is not trivial. Also, currently the 
present work focused on explaining the task-repetition benefit. To this end the 
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definition of temporal distinctiveness was restricted to the current and the 
immediately preceding RCI, as these seemed to be the most relevant in the 
present context. Nevertheless, it would certainly be important to see whether 
temporal distinctiveness is important over longer runs of tasks, as well. 
Likewise, it might be interesting to examine whether temporal distinctiveness is 
a variable that can affect cue-triggered task retrieval in task switches, even 
though the present data do not suggest a strong influence of RCI on task 
switches. From a theoretical perspective, it is conceivable that episodic retrieval 
might occur just as much on switch trials. Presumably, the cue would retrieve 
prior episodes in which that cue occurred, and this in turn should help 
performance in the same way as on repeat trials. However, the present 
manipulations are of the relative recency of the n-1 and n-2 trial (and hence the 
temporal distinctiveness of trial n-1), and the relevant prior episode for a switch 
trial is never trial n-1. Thus, one would not expect to get an effect of RCI on 
switch trials. However, there might be an effect of the temporal distinctiveness 
of the most recent trial on which the same task cue was presented. For 
example, if the episode is surrounded by two long RCIs, it should be more 
distinctive than if surrounded by two short RCIs. Empirically, at this point the 
design of the present experiments does not allow a reasonable analysis of the 
influence of temporal distinctiveness on task switches due to long lags (i.e., 
distances) of a repetition of the same episode. It might therefore be interesting 
for future designs to examine whether there are still some diminishing benefits 
of temporal distinctiveness as the most recent episode retreats into the past 
(e.g. for ABA trials). This would be in line with the famous “telephone poles 
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analogy” by Crowder (1976), which compares memories to telephones poles 
when one is on a moving train. In analogy to telephone poles in the receding 
distance becoming less and less distinctive from their neighbors, each item in 
the memory list is assumed to become less distinctive from the other items (in a 
list) as the episode recedes into the past (Crowder, 1976). In any case, for 
future research it seems desirable to develop our account into a more 
quantitative format that also allows computational modeling. 
 
Additionally, it should be noted that the present study was focused on temporal 
factors that modulate the task-repetition benefit. It can be argued that in the 
explicit cuing version of task switching, RCI manipulations affect the size of the 
task-repetition benefit due to variations of temporal distinctiveness in episodic 
retrieval rather than by an underlying unconditional decay process. However, 
this argument does not exclude other potent influences on the task-repetition 
benefit. As already discussed, task preparation is one of the major factors that 
influence task-switching performance (e.g., Altmann, 2004; Meiran, 1996; 
Rogers & Monsell, 1995), but the present study was not designed to address 
this factor. Also, it has been shown that task-repetition priming is affected by a 
number of other factors, such as persisting stimulus-task associations (e.g., 
Koch & Allport, 2006; Waszak et al., 2003), response repetitions (e.g., 
Kleinsorge & Heuer, 1999), or general contextual factors (e.g., Lien & Ruthruff, 
2004). It will be an important task for future research to examine whether and 
how the influence of these factors relate to temporal distinctiveness in episodic 
task retrieval. 
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Finally, returning to the general context of cognitive control in the Introduction, 
one needs to stress the importance of using different task-switching paradigms 
and/ or different tasks. Cognitive control is a “general concept that applies to a 
wide variety of tasks in many different ways” (Logan, 2003, p. 48). Thus, since 
different task-switching paradigms might tap different abilities (Meiran, in press), 
more research is needed in order to disentangle task specific processes from 
cognitive control.  
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9  Conclusion 
The present study aimed at contributing to the knowledge about underlying 
mechanisms of action control in changing task context. The task-switching 
paradigm allows to compare performance between switching tasks and 
repeating tasks. The resulting “switch costs” are typically interpreted in terms of 
cognitive control processes (Monsell, 2003), which are thought to enable 
flexible adaptations to environmental changes. The study at hand used a variant 
of the task-switching paradigm, namely the task-cuing paradigm, and focused 
on effects of manipulating the interval between a response and a subsequent 
cue (i.e., the RCI). Specifically, the present series of experiments re-examined 
the idea of passive decay of task-representations (task sets) in memory, as 
commonly assumed in many models of task switching. Task-set decay has 
been thought to be indexed by manipulating the RCI in a task-cuing paradigm. 
The major support for decay of task set is traditionally assumed to come from 
studies which found that switch costs decreased as RCI increased, suggesting 
an underlying process of decay of task-set activation. The assumption of task-
set decay plays a theoretical role in current literature on task switching (e.g., 
Meiran, Chorev, et al., 2000). However, the empirical evidence for task-set 
decay is much less consistent than is theoretically desirable. Therefore, 
empirical evidence for RCI effects on switch costs can serve as a basis for 
deriving assumptions about corresponding underlying processes in task 
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switching. This in turn can be helpful for a better understanding of the 
mechanism(s) of task switching in general and was the aim of the study at 
hand. 
 
In contrast to previous works (see, e.g., Koch, 2001; Koch & Allport, 2006; 
Meiran, Chorev, et al., 2000; Sohn & Anderson, 2001), the present study 
suggests that short-term decay of task set is not a major factor in explaining 
switch costs in task switching. The data observed in the present seven 
experiments refute this suggestion by presenting empirical evidence from RCI 
manipulations that critically damage the decay account of RCI effects. 
Specifically, the data show that RCI effects on switch costs are mainly due to an 
influence on task repetitions, whereas task switches are hardly affected. 
Further, RCI influenced the task-repetition benefit only when RCI changed from 
the previous to the current trial. As an alternative to short-term task-set decay, 
the present work proposes that episodic task retrieval in task repetitions is 
modulated by temporal distinctiveness, which can be affected by RCI 
manipulations. Further, the data imply that the effects of RCI in task switching 
are primarily linked to the stimulus-related components and probably not to 
response-related components. Thus, based on the novel account for RCI 
effects it is suggested that the Input-Set (or Stimulus-Set) is the component of 
the tasks set which is affected by temporal distinctiveness during episodic 
retrieval.  
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Numerous processes are involved in cognitive control. The task-cuing paradigm 
serves as a fruitful method to study different components of cognitive control. 
An important contribution of the present study is to demonstrate the relevance 
of the role of episodic task retrieval influenced by temporal distinctiveness in 
task switching. An important goal for future research will be to further 
investigate the variable of temporal distinctiveness in cognitive control.  
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